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Introduction

Genetic sensorineural hearing loss is very common. It is
responsible for 50% of all congenital hearing loss and for a
small portion of progressive hearing loss, which could be of

juvenile or adult onset. In cases of progressive hearing loss
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Recently, real-time polymerase chain reaction (PCR) using the U-TOP™HL Genotyping Kit
has been introduced to detect genetic hearing loss caused by certain type of gene variants
popularly found in Korea. The mitochondrial 12S ribosomal ribonucleic acid (fRNA) genes
are related to aminoglycoside induced or non-syndromic, sensorineural hearing loss. Among
them, 1555A>G is commonly found and reported worldwide. We are presenting the case of a
mother and a son, who were screened by real-time PCR using the U-TOP™HL Genotyping
Kit and were found both to have the mitochondrial 12s rRNA 1555A>G variant with a differ-
ent hearing loss phenotype. This report encourages clinicians to use this or similar screen
methods for patients with familial hearing loss.
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with no loss at birth, it is not easy to differentiate from envi-
ronmental and age-related hearing loss. Due to low screening
rates, testing every subject with sensorineural hearing loss is
not cost effective.

Recently, real-time PCR using the U-TOP™HL Genotyp-
ing Kit (SeaSun Biomaterials, Daejeon, Korea) has been de-
veloped to screen for genetic hearing loss among all sensori-
neural hearing loss subjects.” This kit screens certain types of

genes that are common among Korean genetic hearing loss
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patients and is less expensive than other tests.

The mitochondrial 12S ribosomal RNA (rRNA) gene is re-
lated to mutations associated with aminoglycoside-induced
or non-syndromic sensorineural hearing loss. Among them,
1555A>G is commonly found and reported worldwide. Part
of the effect of this mutation on the phenotype of the genetic
condition is affected by use of specific aminoglycoside anti-
biotics. Limiting use of aminoglycosides in this group may
prevent further hearing loss resulting from the variant.

In the present manuscript, we present the cases of a moth-
er and son who were screened with real-time PCR using the
U-TOP™HL Genotyping Kit and found to have the mito-
chondrial 12s rRNA 1555A>G variant with different hearing
loss phenotypes. This report encourages clinicians to use this
or similar screening methods for patients with familial hear-
ing loss.

Case

A 66-year-old female patient and her son (45 years old)
without any past medical history visited the clinic. The moth-
er visited due to progressive hearing loss, and the son did not
have any auditory symptoms but was worried about progres-
sive hearing loss in his future. There was no history of ototixic
antibiotic treatment in either subject. Other symptoms such
as dizziness and tinnitus were not obvious in either subject.
Endoscopic exam of her tympanic membrane did not reveal
any abnormalities. Their familial history of hearing loss was
observed, with maternal genetic tendency (Fig. 1).

For initial functional evaluations, pure-tone audiology and
speech audiometry were performed in both subjects. Aurical

Plus (GN Otometrics, Denmark) was used, and frequencies

Hearing aid (-)
F/90

® [

o e 0 O O

Hearing aid (+)

P

F/70

‘Do0 e

Hearing aid (-)
F/41

Fig. 1. Pedigree of the family. This illustration is showing the pedi-
gree of the family. Rectangles are male and circles are female.
Filled circles and the subjects with hearing loss. The patient (moth-
er with hearing loss) is depicted and marked as ‘P’.
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from 0.5 to 8 kHz were assessed. Hearing thresholds of 0.5,
1, 2, and 4 kHz were averaged.” Profound hearing loss was
observed in the mother; the right side hearing threshold was
92 dB HL with a descending type audiometric configuration
(worse hearing), and the left side hearing threshold was 69
dB HL with a descending type audiometric configuration (bet-
ter hearing). Word recognition scores, which show the per-
centage of correct response for single-syllable words at the
most comfortable level of sound, were 44% (right side) and
72% (left side) (Fig. 2). In contrast to the profound hearing
threshold shift in the mother, pure-tone audiometry thresh-
olds were normal in both ears of her son.

For objective measurement of hearing, the auditory brain-
stem response, which is the averaged evoked potential due to
repetitive sound stimuli, was performed. For auditory brain-
stem response, the Auditory evoked potential system naviga-
tion Pro, Version 7.0.0 (Bio-logic System Corp., Mundelein,
IL, USA) was used with a rate of 13.3/s and a sound stimulus
of alternating clicks broadcast through an inserted earphone
(Bio-logic Insert Earphones 580-SINSER, Natus, San Carlos,
CA, USA). Auditory brainstem response thresholds were no
response (right side) and 70 dB nHL (left side), respectively,
in the mother. The son did not undergo this test.

Next, a genetic hearing loss evaluation was performed.
With peripheral blood, we tested DNA samples of the moth-
er and the son collected at Dankook University Hospital. The
U-TOP™HL Genotyping Kit and conventional Sanger se-
quencing were used. Real-time PCR using the U-TOP™HL
Genotyping Kit and Sanger sequencing were performed as
in a previous study.” Real-time PCR was performed with a
CFX96 Real-Time PCR Detection System (Bio-Rad, Hercu-
les, CA, USA). The sequences of primers and peptide nucleic
acid (PNA) probes used in real-time PCR are shown in Table 1.
The reaction conditions were 95°C for 10 min followed by 42
cycles of 95°C for 30 s, 58°C for 45 s, and 72°C for 45 s. Melt-
ing point analyses were followed. We performed a denatur-
ation step of 95°C for 5 min, 1 min hybridization steps at 75°C,
55°C, and 45°C, and a 1°C stepwise temperature increase from
20°C to 85°C, with a 5 s interval between each step. The data
were analyzed with Bio-Rad CFX Manager v1.6 software
(Bio-Rad). Variants were found based on the fluorescence sig-
nal of detection probes and corresponding melting tempera-
tures (Tw).

For Sanger sequencing, PCR was performed in 20 pL re-
actions containing 3 uL purified gDNA (15 ng/uL), 10 pL 2x
gPCR PreMix (SeaSun Biomaterials), and 0.5 puL each of a for-
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ward and reverse primer (10 mM). Thermocycling consisted
of 40 cycles at 95°C for 30 s, 58°C for 45 s, 72°C for 45 s, and
72°C for 5 min. PCR products were sequenced using the ABI
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Bio-
systems, Waltham, MA, USA), according to the manufactur-
er’s instructions. The sequencing primers were the same as
the PCR primers (Table 1). Sequence data were analyzed us-
ing an ABI 3500XL DNA Analyzer (Applied Biosystems).
Both showed a 1555A>G variants with homoplasmy in the
MTRNRI gene (Fig. 3). The results of Sanger sequencing were
the same as those of the U-TOP™HL Genotyping Kit (Fig. 4).
After confirmation of the etiology and characteristics of
hearing loss, for hearing rehabilitation, a hearing aid was rec-
ommended and fit in the left ear of the mother. Left hearing
threshold was substantially decreased from 69 (unaided) to
48 (aided) dB HL, as shown by functional audiometry (Fig. 2).
The word recognition score in the left ear at 55 dB HL was
52% without the hearing aid but improved to 76% with the
hearing aid. We recommended the mother and son avoid use

of aminoglycoside antibiotics.

Discussion

These two cases show two different phenotypes of the same
genetic condition. The mother showed progressive and pro-
found hearing loss in both ears from her youth, but her son, who
was old enough to have symptoms of hearing loss,” showed
no hearing loss despite the same genetic condition. This vari-
able phenotype and incomplete penetrance may be due to
factors such as ethnicity, environmental effects, and use of
aminoglycosides. In addition, according to recent updates,
mitochondrial transfer ribonucleic acid heteroplasmy vari-
ants might be responsible for this variation.*"” In Korean
pedigrees, Hearing loss presented with wide penetrance and
expressivity. The penetrance varied from 28.6% to 75%, (av-
erage of 60.8%) which were relatively higher than the Chinese
population (29.5%)” but similar to Arab-Israeli and Spanish
pedigrees (65.4% and 54.1% respectively).>'" It has been re-

-20
-10

10 O -
X X g

20 X

30

40

50

60

Hearing level (dB)

70
80
90
100
110

120

750 1.5k 3k 5k
A Frequency (Hz)

12.5k

40 SR

Q X

AR

Hearing level (dB)
w
o

%0 P
100 Xégj
Q0 Q0

750 1.5k 3k 6k
B Frequency (Hz)

12.5k

Fig. 2. Pure tone audiogram threshold of patient [X (blue line) is left ear; O (red line) is right ear]. (A) is pure tone audiometry of son show-
ing normal hearing audiogram (B) is pure tone audiometry of mother showing both profound hearing loss (right worse). With left ear

hearing aid (blue A), significant improvement of hearing is observed.

Table 1. The list of sequences of primers and PNA probes used in real-time PCR and primer sequences in Sanger sequencing

) . ) Primer PNA probe
Gene  Mutation Direction : -
Primer sequence (5'-3") Size (bp) Probe sequence (5'-3') Fluorescence
Real-time PCR MTRNRI1 1555A>G F GGTCGAAGGTGGATITAGCAG 202 ACGACTIGTCTCCTCTA HEX
R GCTACACTCTGGITCGTCCAA
Sanger MTRNR1 1555A>G F GGTICGAAGGIGGATITAGCAG 202 N/A
sequencing R GCTACACTCTGGTTCGTCCAA

PNA: peptide nucleic acid, PCR: polymerase chain reaction, N/A: not applica
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ported that haplotype and functional variants are not related
to the penetrance. It is believed that this condition places sub-
ject at risk for sensorineural hearing loss, but the severity (pen-
etrance) of phenotype (hearing loss) is caused by multi-play
of factors such as unidentified nuclear genes and aminogly-
coside exposure.”

In the present case report, for screening purposes, a recently
developed genetic hearing disorder screening kit was used. The
U-TOP™HL Genotyping Kit, a real-time PCR-based method

using the MeltingArray technique and PNA, was employed to
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screen 11 variants of 5 genes (GJB2, SLC2644, MTRNR1, TM-
PRSS3, and CDH?23). These genes covered varying degrees
of sensorineural hearing loss and were selected for their high
prevalence in Koreans which expected to cover up to 70% of
prelingual genetic hearing loss cases in Koreans. The real-
time PCR kit has 97.1% positive predictive value and 97.4
negative predictive value.” This test is covered by insurance
(National Health Insurance Service of South Korea, in effect
since July 2018) when the patient’s condition meets one of
the following standards; 1) confirmed congenital hearing

| U-TOP™ HL Genotyping Kit 1 U-TOP™ HL Genotyping Kit
> -
| Results | Results
Genetic P [ PS—
V371 G>A GG Wild Type Va7 G>A GG Wild Type
e 299del AT AT>-- AT Wild Type 299del AT AT>-- AT Wild Type
235delC C>- CE Wild Type SlE2 235delC Cs>- (o(ed Wild Type
R143W CT €C Wild Type R143W C>T ce Wild Type
T410M C>T = Wild Type T410M C>T (@ Wild Type
L676Q T>A Wild T
e > ild Type oy L676Q T>A Wild Type
H723R A>G AA Wild Type H723R A>G AA Wild Type
IVS7-2A>G A>G AA Wild Type IVS7-2A>G A>G AA Wild Type
CDH23 P240L C>T CE Wild Type CDH23 P240L C>T cc Wild Type
125 rRNA 1555 A>G A>G GG Homozygote Mutant 125 rRNA 1555 A>G A>G GG Homozygote Mutant
TMPRSS3 A306T G>A GG Wild Type TMPRSS3 A306T G>A GG Wild Type

12s WT TAGAGGAGACAAGTCGT
125_1555A>G MT TAGAGGAGGCAAGTCGT

/

Fig. 4. The results of the mother and the son from the Sanger sequencing.
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loss, 2) pediatric hearing loss without middle ear pathology,
3) syndromic hearing loss, 4) confirmed inner ear anomaly
in CT and MR, 5) progressive hearing loss with unknown
origin, 6) hearing loss with familial history of genetic hear-
ing loss.

The 1555A>G variant of the mitochondrial 12S rRNA gene
(MTRNRI), the mutation in this case study, is found in 1.4%
of the Korean hearing loss population. Of note, this mutation
is the most common causative mutation of aminoglycoside-
induced sensorineural hearing loss. We found that no antibi-
otics, including aminoglycosides, were taken by our patients.
Because the origin of the mutation is the mitochondria, the
hereditary pattern is maternal transmission (Fig. 1). The moth-
er and son showed 1555A>G variant with homoplasmy by
U-TOP™HL Genotyping Kit and Sanger sequencing. Ac-
cording to Usami, et al.,”” approximately 3% of outpatients
and 10% of cochlear implantation patients had the 1555A>G
variant in Japan in 2000. The mechanism of pathogenesis is
thought to be decreased efficiency of translation by 1555A>G,
resulting in an impaired repair capability of the cochlea."”

Meanwhile, there are other pathogenic variants in MTRNRI,
such as 3243 A>G and 7445 A>G; however, they are rarer
than 1555A>G." Because the same mitochondrial variant
shows a variable phenotype, as in our case family, functional
study for pathogenesis encompassing a larger hearing loss
family should be investigated. Estivill, et al.”” mentioned that
disease penetrance of 1555A>G is 50% in the 30s and 88%
in 65-year-olds, showing age-dependent penetrance. Another
explanation for variable expression is heteroplasmy, in which
the proportion of normally functioning mitochondria affects
the diverse degrees of hearing loss."”

Although the U-TOP™HL Genotyping Kit has flexibility
for dealing with ethnicity-specific mutation spectra, it can-
not detect novel variants. The novel variant could be a non-
disease-causing single nucleotide polymorphism (SNP) or
pathogenic SNP. More, larger-scale studies on normal controls
using Sanger sequencing are needed to differentiate patho-
genic SNPs.

There are many previous case reports and studies regarding
this specific variant and hearing loss. Hearing loss in elderly
without similar symptoms of one’s siblings as shown in a fam-
ily of current case report is very common in otologic clinic
and may not be a candidate for genetic hearing loss screen-
ings. Detailed history taking, especially regarding family his-
tory of hearing loss, would be an important step. Nevertheless,
due to the high price of the genetic workups, many hearing
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loss patients and their families who are suspected of having
conditions of genetic origin cannot be thoroughly tested. But
with this screening process at a reasonable price (in South
Korea) patient’s economic burden is much reduced. After the
diagnosis, therapeutic plan for genetic hearing loss varies ac-
cording to the characteristics of specific genetic conditions.
In contrast to other genetic hearing losses which are not pre-
ventable, more detection of this genetic hearing losses that
might be prevented by limiting aminoglycoside use at early
ages might be possible and lead to a better quality of life in
subjects. In addition, providing the information (by publica-
tion of this case report) about this specific genetic condition
which could be aggravated by certain antibiotic use would
help undetected patients with this condition.
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