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Abstract

Mutations in mitochondrial DNA (mtDNA) have been found to be associated with sensorineural hearing loss. We report here the
clinical, genetic, and molecular characterization of three Chinese pedigrees (a total of 43 matrilineal relatives) with aminoglycoside-in-
duced impairment. Clinical evaluation revealed the variable phenotype of hearing impairment including audiometric configuration in
these subjects, although these subjects shared some common features: being bilateral and sensorineural hearing impairment. Strikingly,
only probands of these Chinese pedigrees exhibited severe to profound hearing loss. Mutational analysis of the mtDNA in these pedi-
grees showed the presence of homoplasmic 12S rRNA T1095C mutation, which has been associated with hearing impairment in several
families. Sequence analysis of the complete mitochondrial genomes in these pedigrees showed the identical homoplasmic T1095C muta-
tion and distinct sets of mitochondrial DNA (mtDNA) variants belonging to haplogroups M11C. Despite the presence of several highly
evolutionarily conservative variants in protein-encoding genes and 16S rRNA gene, the extremely low penetrance of hearing loss with the
T1095C mutation implies that the mitochondrial variants may not play an important role in the phenotypic expression of the T1095C
mutation in these Chinese families. However, the history of exposure to aminoglycosides in these three hearing-impaired subjects sug-
gested that the aminoglycosides very likely are the cause of hearing loss.
� 2006 Elsevier Inc. All rights reserved.
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Mutations in mitochondrial 12S rRNA have been
shown to be associated with both aminoglycoside-induced
hearing loss [1,2]. Of these, the C1494T mutation in the
12S rRNA gene has been associated with both aminoglyco-
side-induced and nonsyndromic hearing loss in two
Chinese families [3–5], while the A1555G mutation in the
highly conserved A-site of the 12S rRNA has been associ-
ated with both aminoglycoside-induced and nonsyndromic
hearing loss in many families worldwide [6–19]. Further-
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more, the T1095C mutation has also been shown to be
associated with hearing impairment [19–23]. In fact, the
occurrence of the T1095C mutation in these several genet-
ically unrelated subjects affected by hearing impairment
strongly indicates that this mutation is involved in the
pathogenesis of hearing impairment, including aminogly-
coside ototoxicity. This T-to-C transition disrupted an evo-
lutionarily conserved base-pair at stem loop of the helix 25
of 12S rRNA [24]. This nucleotide is also located at
the P-site of ribosome, suggesting an important role in
the initiation of mitochondrial protein synthesis [20]. The
alteration of the tertiary or quaternary structure of this
rRNA by the T1095C mutation may lead to impairing
mitochondrial protein synthesis, thereby causing the
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mitochondrial dysfunction associated with hearing impair-
ment [23].

To further understand the pathogenesis of maternally
inherited aminoglycoside-induced and nonsyndromic hear-
ing loss, a systematic and extended mutational analysis of
mitochondrial 12S rRNA has been initiated at Department
of Otolaryngology of the Chinese PLA General Hospital
[14–17]. In the present study, we report the clinical, molec-
ular, and genetic characterization of three Chinese pedi-
grees with aminoglycoside-induced hearing loss. Clinical
and genetic evaluation revealed extremely low penetrance
of hearing loss in these Chinese families. Mutational anal-
ysis of 12S rRNA has led to the identification of the
T1095C mutation in those families. To understand the role
of mitochondrial haplotypes in the phenotypic expression
of the A1555G mutation, we performed PCR-amplification
of fragments spanning entire mitochondrial genome and
subsequent DNA sequence analysis in the matrilineal rela-
tives of those families.

Subjects and methods

Subjects and audiological examinations. As the part of genetic screening
program for the hearing impairment, three Chinese families were ascer-
tained through the Otology Clinic at Chinese PLA General Hospital. A
comprehensive history and physical examination were performed to
identify any syndromic findings, the history of the use of aminoglycosides,
genetic factors related to the hearing impairment in members of these
pedigrees. An age-appropriate audiological examination was performed
and this examination included pure-tone audiometry (PTA) and/or
auditory brainstem response (ABR), immittance testing, and Distortion
product otoacoustic emissions (DPOAE). The PTA was calculated from
the sum of the audiometric thresholds at 500, 1000 and 2000, 4000 and
8000 Hz. The severity of hearing impairment was classified into five
grades: normal < 26 Decible (dB); mild = 26–40 dB; moderate =
41–70 dB; severe = 71–90 dB; and profound > 90 dB. Informed consent
was obtained from participants prior to their participation in the study, in
accordance with the Cincinnati Children’s Hospital Medical Center
Institutional Review Board and Ethnic Committee of Chinese PLA
General Hospital.

Mutational analysis of mitochondrial genome. Genomic DNA was
isolated from whole blood of participants using Puregene DNA Isolation
Kits (Gentra Systems). Subject’s DNA fragments spanning the entire
mitochondrial 12S rRNA gene were amplified by PCR using oligode-
oxynucleotides corresponding to positions 618–635 and 1988–2007 [25].
The entire mitochondrial genomes of three subjects carrying the T1095C
mutation were PCR-amplified in 24 overlapping fragments by use of sets
of the light-strand and the heavy-strand oligonucleotide primers, as
described elsewhere [25]. Each fragment was purified and subsequently
submitted for sequence analysis as described above. The resultant
sequence data were compared with the updated consensus Cambridge
sequence (GenBank Accession No.: NC_001807) [26].

Results and discussion

To further elucidate the molecular basis of aminoglyco-
side ototoxicity, we have performed a mutational analysis
of the mitochondrial 12S rRNA gene in a cohort of
Chinese subjects, who were diagnosed for aminoglycoside
ototoxicity by the Otology Clinic at the Chinese PLA Gen-
eral Hospital. First, DNA fragments spanning mitochon-
drial 12S rRNA were PCR-amplified from each affected
subject and were then purified and subsequently analyzed
by DNA sequencing. Of variants in this 12S rRNA gene,
the T1095C mutation in the 12S rRNA gene was found
in three subjects apparently in the homoplasmy (data not
shown). In fact, those three subjects, as shown in
Table 1, had been administered aminoglycosides (3–5 mg/
kg/dose every 8 h for gentamicin or 15–25 mg/kg/dose
every 12 h for streptomycin or 7.5 mg/kg/every 18 h for
kamamycin) for various illnesses at the ages of less than
2 years. They began suffering bilateral hearing impairment
within three months after drug administration. As illustrat-
ed in Fig. 1, audiological evaluation showed that all those
subjects showed the loss of the high frequencies and their
hearing impairment was symmetric. Those subjects, as
shown in Table 1, exhibited a variable severity of hearing
impairment and audiometric configuration: subject BJ215
III-10 suffered from severe hearing loss (70 dB at right
and left ears; with flat-shaped pattern), subject BJ216 III-
4 exhibited a profound hearing loss (>100 dB at both ears;
with flat-shaped pattern), and subject BJ217-III-4 had pro-
found hearing loss (96 dB at right ear, and 100 dB at left
ear; with slope-shaped pattern).

A comprehensive history and physical examination as
well as audiological examination were performed to identi-
fy any syndromic findings, the history of the use of amino-
glycosides, genetic factors related to the hearing
impairment in all available members of three Chinese fam-
ilies carrying the T1095C mutation. These families are
living in Inner Mongolia, Northern China. In fact, compre-
hensive family medical histories of those probands and
other members of these Chinese families showed no other
clinical abnormalities, including diabetes, muscular diseas-
es, visual dysfunction, and neurological disorders. Striking-
ly, as shown in Fig. 2, only probands exhibited
aminoglycoside-induced hearing loss, while none of other
40 matrilineal relatives including the proband’s mother in
those families had hearing deficit. As shown in Table 1,
other four Chinese subjects carrying the T1095C mutation
suffered from severe to mild hearing impairment and vari-
able audiometric configuration [22,23]. Similarly, other 20
Chinese pedigrees carrying the A1555G mutation exhibited
extremely low penetrance of hearing loss, ranging from 4%
to 18% [14,17]. By contrast, the average penetrance (includ-
ing aminoglycoside-induced deafness) of three Mongolia
pedigrees carrying the A1555G mutation is �62.5% [10],
while �59% and 67% of matrilineal relatives from BJ110
and BJ105 families exhibited hearing loss, respectively
[15,16]. The extremely low penetrance of hearing loss in
these Chinese families carrying the T1095C mutation
strongly suggests the T1095C mutation itself is not suffi-
cient to produce the clinical phenotype. Therefore, other
modifier factors including the aminoglycosides, nuclear
genes, and mitochondrial haplotypes are necessary for the
phenotypic manifestation of the T1095C mutation.

To understand the role of mitochondrial haplotypes in
the phenotypic expression of the T1095C mutation, we
performed a PCR-amplification of fragments spanning
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Fig. 2. Three Chinese pedigrees with aminoglycoside-induced hearing loss. Hearing-impaired individuals are indicated by filled symbols. Arrow denotes
probands.

Table 1
Summary of clinical data for seven Chinese subjects carrying the T1095C mutation

Subject Gender Audiometric
configuration

Use of
aminoglycosides

Age at
onset (yr)

PTA (dB)
right ear

PTA (dB)
left ear

Level of hearing
impairment

BJ215-III-10 M Flat Yes 1.5 70 70 Severe
BJ216-III-4 M Flat Yes <1 >100 >100 Profound
BJ217 III-4 M Slope Yes <1 96 100 Profound
a#78 M Slope Yes 4 62 55 Severe
#81 M U-shaped No 10 58 58 Moderate
#101 M Hill-shaped No 35 26.6 26.6 Mild
bBJ112 F Cookie bite No <1 53 38 Moderate

a Zhao et al. [23].
b Wang et al. [22].

BJ215 III-10 BJ216 III-4  BJ217 III-4 

Fig. 1. Air conduction audiogram of three affected subjects with the T1095C mutation. Symbols: X-left, O-right ear.
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entire mitochondrial genome and subsequent DNA
sequence analysis in three probands. In addition to the
identical T1095C mutation, as shown in Table 2, these
subjects exhibited 17 distinct polymorphisms and 30
identical variants belonging to Eastern Asian haplogroup
M11 [27]. Similarly, other three mitochondrial genomes
with T1095C mutation also belong to haplogroup M11
[22,23]. This suggested that the T1095C mutation in these
six subjects may occur from the same origin. Of nucleo-
tide changes in these mitochondrial genomes, there are
Table 2
mtDNA variants in three Chinese pedigrees with the T1095C mutation

Gene Position Replacement aConservation (H/B/M

D-loop 73 A to G
146 T to C
198 C to T
200 A to G
215 A to G
263 A to G
318 T to C
326 A to G
489 T to C

16173 C to T
16223 C to T

12S rRNA 739 C to T C/A/A/—
750 A to G A/A/G/—

1095 T to C T/T/T/T
1438 A to G A/A/A/G

16S rRNA 2706 A to G A/G/A/A
2833 A to G A/A/A/A

ND2 4738 A to G (Ile to Val) I/T/T/T
4769 A to G
5187 C to T
5192 A to G

CO1 6531 C to T
7028 C to T

CO2 7642 G to A
8108 A to G (Ile to Val) I/I/I/I
8188 A to G

A6 8701 A to G (Thr to Ala) T/S/L/Q
8860 A to G (Thr to Ala) T/A/A/T

CO3 9540 T to C
9950 T to C

tRNAGly 10007 T to C T/C/G/A
ND3 10398 A to G (Thr to Ala) T/T/T/A

10400 C to T
ND4 10873 T to C

11719 G to A
11969 G to A (Ala to Thr) A/A/G/A

ND5 12705 C to T
13074 A to G
13890 C to T
13928 G to C

ND6 14340 C to T (Val to Met) V/V/V/G
14569 A to G

CytoB 14766 C to T (Thr to Ile) T/S/I/S
14783 T to C
15043 G to A
15301 G to A
15326 A to G (Thr to Ala) T/M/I/I

a Conservation of amino acid for polypeptides in human (H), bovine (B), m
b CRS: Cambridge reference sequence [26].
c See the online mitochondrial genome database MITOMAP.
11 known variants in the D-loop, one novel (C739T)
and two known variants in 12S rRNA gene, one novel
(A2883G) and one known variants in the 16S rRNA
gene, one novel variant T10007C in tRNAGly gene, 16
known and 4 novel silent variants in the protein-encod-
ing genes as well as 9 missense mutations (2 novel and
7 known) in the protein-encoding genes [28]. These mis-
sense mutations are the A4638G (I57V) in the ND2 gene,
the A8108G (I175V) in the CO2 gene, the A8701G
(T59A) and A8860G (T112A) in A6 gene, the
/X) bCRS BJ215 BJ216 BJ217 cPreviously reported

A G G G Yes
T C C Yes
C T T Yes
A G G Yes
A G G G Yes
A G G G Yes
T C C C Yes
A G G G Yes
T C C C Yes
C T Yes
C T T Yes
C T No
A G G G Yes
T C C C Yes
A G G G Yes
A G G G Yes
A G No
A G No
A G G G Yes
C T No
A G No
C T T T Yes
C T T T Yes
G A A A Yes
A G G G Yes
A G No
A G G G Yes
A G G G Yes
T C C C Yes
T C C C Yes
T C No
A G G G Yes
C T T T Yes
T C C C Yes
G A A A Yes
G A A A Yes
C T T T Yes
A G G G Yes
C T No
G C Yes
C T T No
A G Yes
C T T T Yes
T C C C Yes
G A A Yes
G A A A Yes
A G G G Yes

ouse (M), and Xenopus (X).
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A10398G (T114A) in the ND3 gene, the G11969A
(A406T) in the ND4 gene, the C14340T (V112M) in
the ND6, and the C14766T (T7I) and A15326G
(T194A) in the cyto b gene. Interestingly, these variants
in RNAs and polypeptides were further evaluated by
phylogenetic analysis of these variants and sequences
from other organisms including mouse [29], bovine [30],
and Xenopus laevis [31]. Of these, the I175V in the
CO2, the V112D in the ND6 variants locate at highly
conserved residues of corresponding polypeptides, while
the A2833G resides at a highly conserved nucleotide of
the 16S rRNA. However, none of other variants showed
evolutionarily conservation. Despite the presence of sev-
eral highly evolutionary conservative variants in pro-
tein-encoding genes and 16S rRNA gene, the extremely
low penetrance of hearing loss with the T1095C mutation
implies that the mitochondrial variants may not have a
potential modifying role in the phenotypic expression
of the T1095C mutation in these Chinese families. How-
ever, the history of exposure to aminoglycosides in these
three hearing-impaired subjects suggested that the amino-
glycosides very likely are the cause of hearing loss.
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