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Multiple origins of the mtDNA 7472insC mutation
associated with hearing loss and neurological

dysfunction
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Several mtDNA mutations have been reported in families with both syndromic and non-syndromic hearing
loss. One such mutation is the heteroplasmic 7472insC in the tRNA%*""“™) gene which has been found in six
families, all from Western Europe. However, it was not clear if this distribution was due to a common founder
effect or chance sampling of several unrelated families, the 7472insC mutation having occurred multiple

times. Haplotype analysis of all six families supports the latter notion. This confirms the pathogenicity of the
7472insC mutation and suggests it may exist in other populations where it may prove to be a small but

significant cause of hearing loss, particularly when neurological symptoms are also present. European Journal of

Human Genetics (2001) 9, 385-387.
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Mutations of the mitochondrial DNA (mtDNA) have been
associated with a variety of human diseases. Due to selective
pressures the more severe of these mutations exist in the
heteroplasmic state on different mtDNA backgrounds
whereas mild mutations tend to be homoplasmic and are
often restricted to a particular mtDNA background. Phyloge-
netic analysis of mtDNA sequences allows one to determine if
a particular mutation has occurred multiple times on
different genetic backgrounds or if all affected individuals
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are derived from a common ancestor, ie there is a founder
effect. The former strengthens the case for the mutation
being pathogenic and allows one to see if any variation in
disease between affected individuals can be attributed to
variation elsewhere in the mtDNA or nuclear DNA.
Furthermore, the finding of the same mutation in unrelated
individuals suggests the mutation is equally likely to exist on
mtDNA from any population.

Recent analysis of the A1555G mutation, one of the most
common genetic causes of hearing loss identified, showed
the mutation has occurred multiple times in both Asian and
European populations.”? Among several other mtDNA
mutations shown to cause hearing loss is a heteroplasmic 1
base pair insertion at np 7472 in the tRNAS"VN gene, In
some individuals where levels of the mutation are greater
than 95% neurological features such as ataxia and myoclonus
also occur.®*
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Table 1 Haplogroup classification of the 7472insC families. The presence (+) or absence (—) of each specific restriction
enzyme site is shown for each family with the 7472insC mutation. Each family was then assigned to a particular mtDNA
haplogroup. Families are from lItaly (It), the Netherlands (NI), Germany (G1-G3) and the UK (UK)

Sites#
—1715 —4529 —4577 —7025 — 8994 —9052 410397  +12308  +13366 —13704
Individual Ddel/ Haelll Nla/ll Alu/ Haelll Haell Alu/ Hinf/ BamHI BstNI Haplogroup
UK - — - + — — - - - H
NI — - — - — + — + — - K
It - — - + - — - - - H
G1 - — - + - — - - - H
G2 — — + — — — — — — — \Y
G3 — — — + — — — — — — H

To date the 7472insC mutation has been found in six
families, all from Western Europe,®~° raising the possibility
that the presence of this mutation in Europe is primarily
due to a founder effect. Alternatively, the finding may be
due to chance sampling, the 7472insC mutation having

Table 2 Sequencing of non-coding D-loop region of the
7472insC families. Base changes in the D-loop are given for
each individual relative to the Cambridge reference
sequence (Ref). The polymorphic T16519C site was
determined by digestion with Haelll

occurred multiple times on different mtDNA backgrounds. ; ; ; ; ; ZS ; ; ; (75 ;
If the latter is the case then the 7472insC mutation may 0 7 1 > 2 2 3 3 3 4 s
be present in other populations and may prove to be an 9 1 8 2 7 9 1 5 6 4 1
important cause of hearing loss and neurological dysfunc- 3 4 9 4 & 8 1 6 3 7 9
ti Ref T C T T C T T T T C T
ion.
UK . .
It . T C C
Materials and methods G1 C c c C
Patient G3 T . C
atients NI C C . C T ¢
DNA samples from one individual of each of the six affected G2 C C

families were as follows (see Table 1):

It: The first family described with the 7472insC muta-

tion originating from Italy.® Affected individuals

suffer sensorineural hearing loss often with ataxia
and myoclonus when the mutation is present at

greater than 95%.

These three families from Germany have previously

been described*® corresponding to families A, B and

C. All index patients had sensorineural hearing loss

and progressive myoclonic epilepsy.

NI: Affected individuals of this family from the Nether-
lands suffer from sensorineural hearing loss, only one
individual showed neurological symptoms including
ataxia and dysarthria.®

UK:  This individual with non-syndromic sensorineural
hearing loss originates from the UK. Although other
family members had the 7472insC mutation their
hearing was normal (to be described elsewhere).

mtDNA haplogroup analysis

Previous studies have shown that the majority of Caucasians
can be split into 10 different mtDNA haplogroups on the
basis of 10 polymorphic sites.” Each site was detected by PCR
amplification of the relevant region and digestion with the
appropriate restriction enzyme as shown in Table 1. The
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polymorphism at position 12308 was detected using a
mismatch primer to create a Hinfl site.

mtDNA sequence analysis

The non-coding D-loop region was amplified using primers
mtl1592 (5’ actaatacaccagtcttgtaaacc) and mtl6560 (&
gacctgtgatccatcgtgatg) and sequenced using ABI big dye
terminator kit with internal forward primer mt1598 (&'
gaaaaagtctttaactccacc) and reverse primer mt1649 (5
cctgaagtaggaaccagatg). The presence of the polymorphic
16517 Haelll site was also screened for in this PCR product.

Results

As shown in Table 1, all six affected individuals could be
classified into one of the Caucasian mtDNA haplogroups as
previously defined.” The individual from The Netherlands
(N1) harboured a loss of the Haelll site at position 9052 and
the 12308G polymorphism, both of which define hap-
logroup K. The second family from Germany (G2) lacked
the 4577 Nialll site, unique to haplogroup V. All other



samples lacked the 7025 Alul site, characteristic of hap-
logroup H. The presence of four individuals from haplogroup
H is not unexpected given that this is the most common
(~40%) European haplogroup.’

D-loop sequence analysis of the four haplogroup H families
showed they were not closely related, all differing from one
another by at least 2 base changes (Table 2). In addition,
patient NI harboured the T16224C polymorphism which
defines haplogroup K, in agreement with the RFLP analysis.

Discussion

Our analysis of mtDNA from the six European families with
the 7472insC mutation shows that it is randomly distributed
among different haplogroups in the Caucasian population.
The simplest explanation is that the mutation has occurred
multiple times in the European population, each time
resulting in hearing loss and in many cases also neurological
features. Taken together this analysis implies the 7472insC
mutation has most probably occurred up to six times in the
Western European population.

The presence of the same mutation on separate mtDNA
backgrounds confirms the notion that the 7472insC muta-
tion alone is sufficient to cause hearing loss and that when
present at very high levels can also lead to neurological
dysfunction. It has been shown that the mutation causes a
65% reduction in levels of tRNAS"Y™ although it results in
only a small decrease in mitochondrial respiratory enzyme
activities.>® Why this defect appears most pronounced in the
inner ear is not yet known.

mtDNA mutations are now well recognised as causes of
hearing loss. However, little data is available on the
frequency of mutations such as 7472insC, A1555G and
A3243G in individuals with hearing loss. Although the
7472insC mutation was not present in 117 individuals with
familial hearing loss from Finland the A1555G and A3243G
mutations were present in 2.5% and 4.3% of individuals
respectively.” The A1555G mutation was present in 5.4% of
Japanese individuals with hearing loss'® and in Spain this
figure was 27.7% in familial, progressive hearing loss."! Such
differences suggest population differences do exist, although
selection criteria of the individuals may also account for
some of these differences.

Despite the absence of the 7472insC mutation in the
Finnish study and 249 other cases of childhood onset hearing
loss from the UK in our study, screening for the 7472insC
mutation is, nevertheless, worth considering in any case of
progressive sensorineural hearing loss, particularly if neuro-
logical symptoms such as ataxia, dysarthria and myoclonus
are also present. Our findings that the 7472insC mutation
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has occurred multiple times also means that it is perhaps not
unreasonable to expect the mutation to be present in other
populations. Further studies are required to determine the
frequency of the 7472insC mutation in other populations
and shed further light into the pathogenic mechanism by
which mitochondrial dysfunction leads to hearing loss and
neurological dysfunction.
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