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Background: Hearing loss is one of the most common symptoms of mitochondrial disorders. However, audiological pheno-

types associated with different molecular defects in mtDNA are not yet well characterized.

Material/Methods: A large cohort of 1499 nonconsanguineous patients aged 5-40 years with hearing loss of unknown etiology
was screened for mutations in mtDNA. For further analysis, patients harboring m.1555A>G and m.3243A>G
were selected.
Hearing status of the patients was assessed by pure tone audiometry. Patterns of audiograms (hearing thresh-
old levels at each examined frequency) were statistically compared among the carriers of the m.1555A>G and
the m.3243A>G mutations.

Results: We identified 20 patients positive for m.1555A>G mutation and 16 patients positive for m.3243A>G change. The
frequency of the above transitions was calculated in our cohort as 1.33% and 1.06%, respectively. Seventeen
affected family members carrying the mutations were included into the study.

Typical shape of the audiograms in patients with m.1555A>G mutation presented a ski-slope pattern, where-
as the audiometric curves among the m.3243A>G individuals had a pantonal shape (a flat curve) with slight
downward sloping at the higher frequencies. The differences were statistically significant.
The onset of hearing loss was noted earlier among m.1555A>G than m.3243A>G patients (12.5 and 26 years,
respectively). Aminoglycoside administration was declared in both groups in 11 and 4 cases respectively, and
caused abrupt hearing deterioration in all cases.

Conclusions: A pattern of audiogram in patients with mitochondrial deafness may suggest a localization of mtDNA muta-
tion. The pathogenesis of the audiometric differences needs further study.
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Background

Hearing loss (HL) is a common symptom of mitochondrial dis-
eases, although its audiological characteristics are not fully
known. The typical features of HL caused by mtDNA point mu-
tations are sensorineural type (SNHL), cochlear origin, postlin-
gual onset, and progression [1-3].

One well-known type of HL caused by mtDNA defects is the
HL associated with the 1555A>G change in 12S rRNA; this and
a few other specific mtDNA mutations cause aminoglycoside
susceptibility [4-7]. In these cases the main pathomechanism
of HL is related to the ototoxic effect of aminoglycosides due
to increased similarity of mtDNA caused by the mutation to
bacterial DNA (bacterial 16S rRNA is a target of aminoglyco-
sides) [4]. However, HL may appear in patients carrying the
m.1555A>G substitution who have no medical history of amino-
glycosides treatment. The pathomechanism of HL in the above
cases may complement additional intrinsic factors that have
been linked to different mtDNA haplogroups [7-9] or modifi-
er nuclear genes [7,8,10,11].

The mechanism of HL caused by the m.3242A>G mutation
has not been satisfactorily explained; it probably results from
degeneration of high-energy demand structures of the inner
ear[2,12,13]. It is postulated that the accumulation of abnor-
mal mitochondria resulting from impaired process of oxidative
phosphorylation and an insufficient elimination of free rad-
icals play the major role in the pathomechanism of that de-
generation [1,2,12,14].

The aim of the study was to compare the shape of audiograms
and audio profiles in patients with mitochondrial hearing loss
caused by 2 mtDNA point mutations: m.1555A>G in 12S rRNA
and m.3243A>G in tRNAleu.

Material and Methods

Patients

The 1499 archived blood DNA samples of nonconsanguineous
patients with post-lingual hearing loss of unknown etiology di-
agnosed between the ages of 5 to 40 years underwent molecu-
lar screening, identifying the most common mitochondrial DNA
mutations. The most common nuclear DNA mutations causing
hearing loss in the Polish population are: c.35delG (CD972240),
€.167delT (CD972241), c.333delAA (CD982678), c.360delGAG
(CD993053), ¢.313del14 (CD982677), and c.1+1G>A (C5991407)
of GJB2 gene, and large deletions of GJB6 gene were previ-
ously excluded [15]. The nomenclature of the mutations was
made according to the Human Gene Mutation Database (Ref
Seq: NM_004004).
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In the group of 24 carriers of the m.1555A>G transition (in-
cluding 20 probands), there were 15 females and 9 males.
The age of the patients ranged from 5 to 52 years, mean age
was 26 years, and there were 9 individuals under 18 years of
age. The mean age at onset of hearing loss — 12.5 years — was
equal for both sexes.

Among 29 subjects harboring the m.3243A>G mutations (16
probands), 11 were males and 18 were females, aged 5-40
years, mean age 31 years. The mean age at the beginning of
hearing loss was 18 for females and 28 for males, respectively.

The clinical characteristics of patients having the m.3243A>G
mutation identified from this cohort have already been de-
scribed (16). Detailed clinical characteristics of the examined
patients are shown in Table 1.

Hearing tests

Audiograms of the patients harboring the m.1555A>G muta-
tion in 12S rRNA and the m.3243A>G change in tRNAleu were
assessed, analyzed, and compared.

Hearing levels were determined by pure tone audiometry.
Hearing threshold level (air and bone conduction) at 500
Hz, 1, 2, 4, and 8 kHz for each ear were analyzed. Evaluation
of the degree of hearing loss was based on ANSI (American
National Standards Institute) and I1SO (International Standards
Organization) scale introduced in 1965 (mild hearing loss is
up to 40 dB HL, moderate is 41-70 dB HL, severe is HL 71-90
dB HL, and profound is higher than 90 dB HL).

The character of hearing loss — sensorineural hearing loss of the
cochlear origin, retro-cochlear, or conductive — was assessed
on the basis of the battery of hearing tests: transient evoked
otoacoustic emissions, speech audiometry, tympanometry with
stapedial reflexes, and brainstem auditory evoked potentials.

Molecular investigations

The search for the m.1555A>G mutation was accomplished
using TagMan Assay on Demand from Life Technology, Foster
City, CA, according to the manufacturer’s instructions. Analysis
was made on Viia7 Life Technology apparatus. All positive
samples were directly sequenced to confirm the presence of
the mutation. The comparable technology of searching the
m.3243A>G mutation was performed and was previously de-
scribed with details [16].

The analysis of heteroplasmy rate of the m.3243A>G and
m.1555A>G mutations was checked for each patient from
the study group by PCR-RFLP. Primers and Apal (Fermentas,
Lithuania) enzyme (a mutation creates a restriction site for this
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Table 1. Characteristics of the whole examined group of patients with hearing loss (HL) and both identified subgroups: 29 carriers of
the m.3243A>G mutation, and 24 subjects positive for the m.1555A>G mutation.

m.3243A>G
mutation carriers

m.1555A>G
mutation carriers

Examined group of HL

Parameter N
patients

Number 1499 29 (16 probands) 24 (20 probands)
CMales 65240%) e oGsw
Cfemales saa (56%) wesw 562
Meanageatthe study eary 2 s 2%

s R L 1 s

’ SD=10.4 SD=13.7 SD=9

Profound hearing loss* 4% 3% 25%
Severehearingloss® o6 e v
Moderate hearingloss* a6 2% %
Mid hearingloss* wo U 2%
Tontes 0% nEsw  76%
CVetigo 030% sase) o
 Progression of hearing impairment o s 1%
 Aminoglycosides administration N agew 1@
Positive family history of hearing loss 528(6% B 1667%
Other clinical symptoms o sE% 6w

Number of 35delG GJB2 heterozygote 1/16 (6%) 2/24 (8%)

* Arithmetic mean of 0.5, 1, 2, 4, and 8 kHz for the better-hearing ear; ND=no data; ** p<0.000001 vs. patients without m.3243A>G
(t-test); *** p<0.00001 vs. patients without m.3243A>G (t-test).

enzyme) were used. Digested products were analyzed on an Results
ABI 3130 capillary sequencer. The heteroplasmy level of the
mutation was assessed as the ratio of the counted area un-
der the peak of the mutated/non-mutated DNA. The homo-
plasmic status of the m.1555A>G mutation was confirmed in

all our cases.

Prevalence of m.1555A>G

The frequency of the m.1555A>G mutation was established in
our cohort at 1.3% (20 probands out of 1499) and the prev-
alence of the m.3243A>G was slightly above 1% (16/1499).
Statistical analysis

Audiological characteristics of m.1555A>G
The Mann-Whitney U test and the t-test for independent sam-
ples were applied. All analyses were done using the Statistica
9 software package.

Audiometric curves of the m.1555A>G patients revealed a ski-
slope pattern. The air and bone conduction hearing thresh-
old in PTA were within the range of 15 dB in all individuals.
Brainstem auditory evoked potentials did not reveal retro-co-
chlear pathology in any case and confirmed audiometric hear-

Ethics statement

The bioethics commission of the Institute of Physiology and
Pathology of Hearing in Warsaw, Poland approved the study
and all subjects or their parents/guardians gave signed consent.

ing thresholds. Otoacoustic emissions were lost at the audio-
metric frequencies at which hearing level was above 30 dB HL.
Tympanogram type A was detected in each ear, and stapedial
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AUDIOGRAM
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Figure 1. Mean hearing threshold levels among patients carrying the m.1555A>G and the m.3243A>G mutation.

reflexes were not registered when hearing threshold exceed-
ed 70 dB HL. The battery of audiometric tests performed in
all patients confirmed bilateral SNHL of the cochlear origin in
every case. We have not observed any spontaneous progres-
sion of hearing threshold of the patients for the period of our
observations up to 10 years.

Eleven of the patients with hearing loss caused by the
m.1555A>G mutation received therapy with aminoglycosides
at any time during the patient’s lifetime. After the treatment,
an abrupt onset of hearing deterioration was observed. In 3
patients who were diagnosed with hearing loss before the
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treatment, the shape of audiometric curve had a ski-slope
pattern within the high frequencies. After the treatment with
aminoglycosides, the level of hearing decreased in all frequen-
cies. Despite the deterioration of the average hearing thresh-
old, the audiogram remained ski-slope shaped. Interestingly,
we noticed a profound hearing loss in 5 treated females and
only moderate hearing impairment in 5 males.

The pattern of audiograms of the m.3243A>G mutation car-
riers presented a pantonal shape (the flat curve) with slight
downward sloping at the higher frequencies, as already de-
scribed [16].
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Table 2. Comparison of the mean hearing threshold level (dBHL) at 0.5; 1; 2; 4 and 8 kHz of the right and the left ear of patients
carrying the m.3243A>G mutation and the m.1555A>G mutation.

0.5 kHz
(L))
m.1555A>G (n=24) 39+322
Right ear oo
m.3243A>G (n=29) 42+21
m.1555A>G (n=24) 33+28°
Left ear e
m.3243A>G (n=29) 43+27

1 kHz 2 kHz 4 kHz 8 kHz
(dB) (dB) (dB) (dB)
48436 61+36* 79427 92+204*2
44125 45426 s0£27% ! 55628
4433 60£33" 76£27°% 8823
45420 47420 501207 504257

The mean +SD values are given. n — number of examined ears, Mann Whitney U Test from Statistica 9 package was used to check a

significant difference between analysed groups.

aredert — statistically significant difference (p<0.05) in comparison to control marked as 2b<def,

Comparison of HL associated with m.1555A>G and
m.3243A>G mutation

We analyzed and subsequently compared audiograms of the
patients by dividing them into 2 groups: individuals harboring
m.1555A>G and individuals harboring m.3243A> G. The aver-
age hearing threshold level in the groups was established for
each frequency and are presented as the arithmetic mean of
the audiometric values in dB HL for each member in the group,
for the right and left ear separately. The audiograms presented
in Figure 1 show the average hearing threshold for each group.

The average hearing level for each examined frequency was
measured in dB and compared to the values obtained for
500 Hz using the non-parametric Mann-Whitney U test for 2
independent groups. Statistically significant results at p<0.05
occurred only in the m.1555A>G group and confirmed the ski-
slope audiogram shape (Table 2, statistically significant results
marked as "™ compared with #°). An analogous analysis car-
ried out for the hearing thresholds in the group m.3243A>G
did not show statistically significant differences, confirming
the rather flat pattern of the audiometric curve.

Average audiometric thresholds for each frequency, separately
for the right and left ear,were also compared between the 2 ex-
amined groups (m.1555A>G and m.3243A>G). Implementation
of the Mann-Whitney U test for 2 independent samples (p<0.05)
allowed us to demonstrate similar statistically significant dif-
ferences for the 4 and 8 kHz frequencies for both ears (Table 2,
statistically significant results marked as ""¢"¢"f compared with
cdef). There were no statistically significant differences in values
measured in dB for the remaining frequencies (0.5, 1, and 2 kHz).

Discussion

This study reveals the differences in audiological phenotype
associated with 2 relatively common mtDNA point mutations
- m.1555A>G in 12S rRNA and m.3243A>G in tRNAleu.

Audiograms of the patients with the m.1555A>G mutation
revealed partial deafness. The curve at low frequencies dis-
played normal or slightly impaired threshold, but at mild and
high frequency hearing was much more impaired. These ob-
servations are consistent with previous findings showing au-
diograms with a downward sloping shape in all examined HL
patients carrying the m.1555A>G mutation [9,17]. Similarly, an-
other research group reported hearing impairment at high fre-
quencies in the m.1555A>G mutated individuals [18]. However,
the study of a large cohort of 65 Chinese children with hear-
ing loss and harboring the m.1555A>G mutation [7] revealed
typical, ski-slope shaped audiometric configurations in only
47 of the examined patients. The remaining 18 audiograms
displayed different profile shapes: a flat-shaped patternin 11
cases, U-shaped pattern in 5, and rising-shaped pattern in 2.
It is postulated that the effect of modifier genes responsi-
ble for SNHL may explain the discrepancy among audiograms
[8,9,11,19]. Audiograms of the patients with a point mutation
in the position 3243 in mtDNA were remarkably different. We
noticed a rather pantonal shape of the curve, with only slight
downward sloping at the highest frequencies [16].

Regarding the hearing thresholds, we observed stable levels
in 14 patients carrying the m.1555A>G mutation, in contrast
to 10 subjects in whom hearing deterioration strongly corre-
sponded to aminoglycosides administration. Our observations
are consistent with those of others who did not find differences
in comparing the rate of progression of hearing loss between
the m.1555A>G carriers and presbyacusis [8]. Hearing status
definitely worsened in 14 out of the 29 m.3243A>G carriers
after the following triggers: severe stress, aminoglycosides
(in 4 treated cases), pregnancy, noise, or acute inflammato-
ry diseases [16]. The remaining patients with the m.3243A>G
mutation presented slow progression of their hearing thresh-
olds. Similar observations were reported in 2 Finnish studies,
one by Uimonen et al. who assessed 181 consecutive audio-
grams from 24 carriers of the m.3243A>G mutation, and an-
other by Majamaa-Voltti et al. presenting a 3-year clinical fol-
low-up study [20,21].
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Hearing impairment was the main health problem in every pa-
tient from our study group. Among the carriers of the m.1555A>G
mutation, 6 patients presented with other clinical symptoms, in
our opinion unrelated to hearing loss: 3 of them had hypothy-
roidism, 2 were diagnosed with high-grade myopia, and the last
had a duodenal ulcer. Among individuals with the m.3243A>G
mutation, 18 out of 29 patients (62%) were oligosymptomatic;
hearing impairment remained their major complaint. Twelve of
them presented with isolated hearing loss and 6 others had 1
or 2 additional symptoms, as described previously [16].

The age at onset of hearing impairment was different be-
tween our groups. The beginning of hearing impairment among
m.1555A>G carriers was 12.5 years of age, much earlier than
in subjects having the m.3243A>G transition (26 years of age).
Del Castillo et al. failed to estimate the beginning of high-fre-
quency hearing loss in most of the examined carriers of the
m.1555A>G mutation, since the probands were not aware of
partial deafness [22]. Subsequently, they distinguished 2 sub-
groups of patients harboring the m.1555A>G, depending on
heteroplasmy ratio of the mutation. Interestingly, the majority
of those with homoplasmic status, comparable with our group,
demonstrated early onset of hearing loss at between 1 and 5
years of age. Analogous results were presented by Hakli et al.
[23[. Chen Chi Wu et al. reported 30 individuals with hearing
loss caused by the m.1555A>G mutation [9] and found early
onset of hearing loss in 23 of them (in 8 individuals under 10
years of age, in the remaining 15 between 10 and 20 years
of age). Estivil et al., following Kokotas et al. [4], observed the
early beginning of hearing loss (before the age of 5 years) of
the m.1555A>G patients treated with aminoglycosides, and
later onset (about 20 years of age) of non-treated individu-
als [24]. This phenomenon was quite distinctive in our group.
Interestingly, the age at the beginning of hearing loss among
the carriers of the m.3243A>G was much higher. Sue et al. de-
scribed 14 subjects, including 4 teenagers, with the m.3243A>G,
in whom the onset of hearing loss was at 12-65 years of age
[2]. In Chinnery’s group, consisting of 17 patients, the age at
onset of hearing loss slightly varied between sexes [14]: it was
28 years among women, like in our group, and 26 years among
men, manifesting much later than among our males. The re-
sults of Chinnery et al. are consistent with the data published
by Majamaa-Voltti and Uimonen [20,21].
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Conclusions
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glycosides treatment does not allow discriminating between
2 pathogenic mtDNA mutations: m.1555A>G in 125 rRNA and
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