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LETTERS TO
THE EDITOR

Diagnosis of the CMT1A
duplication by PCR based
detection of a novel
junction fragment

Charcot-Marie-Tooth (CMT) disease is the
most common inherited peripheral neu-

ropathy. In northern Spain the estimated
prevalence is 1 in 3500.' CMT type IA
(CMT1A) is associated with a duplication of
a 1.5 Mb region on 17pl.1.2-pl2.25 This
rearrangement occurs after mispairing and
unequal recombination events during meio-
sis between repeated and homologous se-

quences flanking the 1.5 Mb region (distal
and proximal CMT1A-REPs).`6A recombi-
nation hotspot has been identified between
an EcoRI site unique to the distal CMT1A-
REP and an Nsil site unique to the proximal
CMT1A-REP.7 Southern blotting detects a

specific 1.7 kb EcoRI/Nsil junction fragment
in the majority of CMT1A duplication
cases.78 A recent study9 has introduced a

PCR based method that directly identifies
the CMT1A-REP junction fragment by
using a set of primers that flank the EcoRI
and Nsil restriction sites.
We have used this PCR based CMT1A-

REP analysis to study 40 control subjects and
16 unrelated patients (11 familial and five
sporadic cases) with known duplications. The
junction fragment was amplified using PCR
conditions and specific primers for the distal
and proximal CMT1A-REP sequences, as

previously described.9 As shown in fig 1, PCR
primers amplified a CMT specific hybrid
fragment of 2185 bp, but products of this size
were also obtained from the non-

recombinant CMT1A-REP elements. Diges-
tion with EcoRI and Nsil resulted in a CMT
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have the specific 1. 7 kb CMT1A-REP
fragment (arrow).
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Table 1 PCR analysis ofjunction fragment of
the CMT1A-REP element compared with other
diagnostic methods in 16 unrelated patients

Southern PCR
(pVAW4

Patients O9R3a) Microsatellites * CMT-REP

1F + - +
2F + - +
3F + + +
4F + - +
5F + - +
6 S ND + +
7F - + -
8F + + _
9 F ND + -
1OF + - -
I 1 F + - _
12 F + - -
13S + - -
14S ND + -
15S ND + -
16S ND + -

*RM1 1-GT and AFM191xh12; F = familial case; S
= sporadic case; (+) = informative; (-) = unin-
formative; ND = not done.

dditional Recent studies have proved that the 1.7 kb
.or study. hotspot of recombination in the CMTIA-
methods REP elements occurs in several populations
cation is independent of ethnic background.7 8 In fact,

Reiter et af detected this junction fragment
repeat on Southern blots of EcoRIINsil double

(marker digested DNA in 75% of 104 unrelated
(marker CMT1A duplication patients of North
CMT1A American origin. Similarly, Timmerman et
uplicated at found the junction fragment on Southern
ig a fully blot analysis in 76.9% of 130 CMT1A
ng these patients of European descent from 11 differ-
R based ent countries (although most of the patients

(75%) were of Belgian or German origin). The
most in- remaining quarter of the CMT1A patients
gosity of without this specific junction fragment
Ifdosage are considered to be polymorphic at the
hin the restriction enzyme sites or may have
7409R3a undergone a strand exchange event else-
analysis where in the -30 kb of homology between

use STR the repeats.7 In order to simplify routine
rT and diagnosis ofCMT1A, Haupt et at developed
re for the a strategy based on PCR assay using a
on in all specific set of primers flanking EcoRI (distal

CMT 1A-REP) and Nsil (proximal CMT 1A-
REP) restriction sites and complementary to
sequences that display maximal divergence
between CMT1A-REP elements. Given the
high degree ofhomology (approaching 98%)
between the CMTlA-REPs,'2 the sequences

proxR in the distal and proximal CMTlA-REPs
corresponding to the primer attachment sites
were different by only one to three bases. By
using the PCR based method, the CMT1A
specific junction fragment was identified in
eight out of 12 (67%) unrelated German
patients, a detection frequency similar to the
one obtained by Southern analysis. By

proxR contrast, in the present study the PCR
method was not as useful as standard RFLP

bp analysis for detecting the specific junction
fragment. Indeed, PCR analysis was
considered informative in only one-third of
patients. An explanation for this might be
that in our population (from a limited
geographical area in northern Spain) the
CMT1A-REP sequences flanking the 1.7 kb

proxR hotspot area show a higher variation which
affects the EcoRI/Nsil sites used in the PCR

bp based assay to detect the recombination

lue to the event. Alternatively, the absence of an
identifies EcoRI/NszIl fragment might indicate that the
ik the strand exchange occurs outside this hotspot

area.
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In conclusion, the usefulness of current

PCR based methods of detecting the junction
fragment in CMT1A duplications is limited
in our experience.

We are grateful to Dr C Van Broeckhoven for
providing probe pVAW409R3a.
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Pitfalls in the diagnosis of
mtDNA mutations

At present, more than 50 mitochondrial (mt)
point mutations, mostly involving mt transfer
RNAs (tRNA), have been associated with
human disease. Here we report on two unre-

lated families with a novel mtDNA mutation,
consisting of a single nucleotide deletion in
tRNA threonine (tRNA'r). Both peripheral
blood and fibroblasts were used as a source of
DNA.

Family A. The first child, a girl, of
non-consanguineous, Turkish parents, is in
good health. The second child, a boy, was

born after an uneventful pregnancy, but
within the first six hours of life he developed

severe neurological distress associated with
hyperammonaemia. He died on the fourth
day of life. Urea cycle enzymes were deter-
mined in a liver biopsy. The results were nor-

mal. The third child, a boy born after an

uneventful pregnancy, was dysmorphic with
abnormal ears, a small chin, and narrow

mouth. He had cyanosis in the first days of
life and was found to have a truncus arterio-
sus type 1. He was severely hypotonic. No
deletion of 22ql 1 was present and metabolic
screen was negative. He died at the age of 3
months of a respiratory infection. A myocar-

dium and liver biopsy were suggestive of
mitochondrial disease with some mitochon-
drial alterations. A fourth child, a boy, was

admitted to hospital at the age of 3 years for
severe cranial trauma. He presented with cer-

ebral oedema, but had been previously com-

pletely asymptomatic. There was no lactic
acidosis. Echocardiography showed severe

hypertrophic cardiomyopathy resulting in
poor circulatory perfusion. The child died of
heart failure. A muscle biopsy was normal on

light and electron microscopy. A myocardial
biopsy showed some abnormally large mito-
chondria. The parents refused necropsy on

any of these children.
Family B. The proband is a 38 year old

white male of Italian descent. At the age of
28 he complained of painful cramps and a

burning sensation in the fingers and toes fol-
lowed by tingling and numbness in a glove
and stocking distribution. Sensory symp-
toms spread proximally to involve all four
extremities and the trunk. At the age of 32,
the patient developed dysuria with frequent
urinary tract infections and impotence owing
to absence of penile erection resulting in the
necessity for self-catheterisation. Muscle
strength was normal, except for absent ankle
jerks. Sensation was diminished for all
modalities, distally more than proximally.
Serum creatine kinase levels were 190 IU/l
(normal < 160). ECG, heart ultrasound,
ophthalmological examination including
electroretinogram, and serum lactate levels
were normal. EMG and nerve conduction
studies showed a pronounced sensory axonal
neuropathy (or neuronopathy). Hand and
foot sympathetic skin response and the brain
and spinal cord MRI studies were normal.
Sural nerve biopsy showed marked reduction
of myelinated and unmyelinated fibre den-
sity. In a triceps muscle biopsy there were

subsarcolemmal mitochondrial aggregates,
strongly NADH-TR and SDH reactive.
Many muscle fibres exhibited patchy loss of
cytochrome c oxidase staining. Ultrastruc-
turally, aggregates of mitochondria with
"parking lot" type I paracristalline inclusions
were abundant. In the patient's mother,
severe retinopathy, chronic renal failure, and
a predominantly axonal sensorimotor
peripheral neuropathy were attributed to
diabetes. Interestingly, there was an almost
10 year history of urinary retention owing to
detrusor paralysis, which had led to bilateral
hydronephrosis, and which needed regular
self-catheterisation. A 43 year old brother of
the patient suffers from Crohn's disease and
had urinary retention owing to detrusor
paralysis, which was treated by suprapubic
catheterisation. Neurological examination
was normal, except for absent deep tendon
reflexes. Electrodiagnostic studies showed
absence of sensory nerve action potentials
and sympathetic skin responses. Sural nerve

biopsy confirmed the presence of a severe

sensory axonal neuropathy or neuronopathy.
A triceps muscle biopsy showed the

presence of subsarcolemmal mitochondrial
aggregates, partial cytochrome c oxidase
deficiency, and type I paracristalline
inclusions in mitochondria. Both brothers
suffer from unexplained orthostatic hypo-
tension.

Routine molecular analysis in both families
(family A, mother and 2 youngest sons; fam-
ily B, the patient, his brother, and two
asymptomatic sibs) had already ruled out the
presence of deletions or duplications and
common point mutations such as
MERRF8344, MELAS3243, and NARP'9'3 muta-
tions. We then investigated the 22 mt tRNA
genes and their flanking sequences for muta-
tions by single strand conformation polymor-
phism analysis (SSCP). An abnormal mobil-
ity pattern for the fragment containing the
tRNA threonine and proline genes was seen
for all investigated members of both families.
Nucleotide sequencing of the relevant region
revealed a homoplasmic deletion of a T
nucleotide in a 5T stretch (involving bp
15940 to bp 15944) in the tRNA threonine
gene. Apart from the thymine deletion, no
other significant differences were observed on
the SSCP gels analysing all other tRNA genes
of the index cases in both families. The thym-
ine:adenine nucleotide pair deletion was also
absent in more than 70 controls.

This deletion mutation does not fulfil the
classical criteria commonly used to define
pathological base pair changes in the mt
genome. The mutation is homoplasmic and
heteroplasmy is a very common feature of
pathological mtDNA mutations. The T:A
base pair deletion is present in the tRNA hr
gene of both patients and asymptomatic
relatives in both families. This is seen both by
PCR-SSCP analysis and by direct sequenc-
ing. Despite these observations, the nature of
the mutation, namely a base pair deletion in
a tRNA gene, might suggest a link with
disease.
The secondary structure of the wild type

human mt tRNA molecules is not well
known, but the 5T stretch is probably
partially located in the TTC stem of the
tRNA"r clover leaf, while the fifth T forms
part of the loop.' Computer modelling and
stability calculations of the mutant tRNA"'
TTC loop, according to the Zuker algorithm,
predict a AG(TTC loop) destabilisation with
1.1 Joule/mol. Pathological molecular altera-
tions in tRNA genes are most often single
base pair substitutions, but mini rearrange-
ments are not surprising in mtDNA associ-
ated diseases. A single nucleotide insertion in
the transfer RNA genes for serine2 and
tryptophan3 has been described. However, to
our knowledge, only one patient with a
heteroplasmic single nucleotide deletion in a
tRNA gene has been reported previously.4
The pathological role of the tRNAhr

deletion mutation is unclear. Several possi-
bilities can be considered. The homoplasmic
deletion might represent a mutation with
variable penetrance, so the deletion is not
disease causing per se. This particular point
ofview suggests a role for a nuclear gene(s) or
an environmental factor in modifying the
expression of the mtDNA mutation. This has
already been proposed for the mutations
causing Leber's hereditary optic neuropathy
(LHON). More than 50% of the maternal
relatives (often females) of symptomatic
LHON patients do not suffer from blindness
(or other neurological problems), even with
homoplasmic mutation levels in their blood
mtDNA.
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