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CASE REPORT
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cardinal features of a mitochondrial DNA-related disease
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The syndrome of mitochondrial myopathy, encephal-
opathy, lactic acidosis and stroke-like episodes
(MELAS) is a multisystemic disorder associated in
most of the patients with an A to G transition at
nucleotide position 3243 in the transfer RNA
(tRNA)™"UUR) (A3243G) of the mitochondrial DNA.
This syndrome is characterized by the preponderant

involvement of skeletal muscle and central nervous
system, but urinary or gastrointestinal symptoms
are seldom documented. Here we report an unusual
case of a 52-year-old woman with a clinical phe-
notype characterized by encephalopathy, left hemi-
paresis, urinary retention and gastrointestinal
pseudo-obstruction. She had the classical A3243G
mitochondrial DNA point mutation of MELAS syn-
drome. We also present a clinically heterogeneous
multigenerational pedigree with several affected
members in the maternal lineage.
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Introduction

In 1977, Shapira et al. [1] proposed a concept of
mitochondrial encephalomyopathy for a group of
diseases with combined involvement of skeletal
muscle and the central nervous system. The syn-
drome of mitochondrial myopathy, encephalopathy,
lactic acidosis and stroke-like episodes (MELAS),
which was first introduced by Pavlakis et al. [2] in
1984, is a multisystemic disorder associated with
point mutations in mitochondrial DNA (mtDNA)
particularly with an A to G transition at nucleotide
3243 (A3243G 85-90% of cases). MELAS syndrome
is characterized by the presence of normal early
development, short stature, seizures, progressive
dementia, ‘stroke-like’ episodes, lactic acidosis and
‘ragged-red’ fibres on muscle biopsy. Urinary or
gastrointestinal symptoms are rarely found. On the
other hand, gastrointestinal dismotility is the most
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prominent manifestation of the mitochondrial neu-
rogastrointestinal encephalomyopathy (MNGIE), an
autosomal recessive disorder caused by nuclear DNA
mutations in the thymidine phosphorylase (TP)
gene. In this issue we report a multigenerational
pedigree harbouring the point mutation A3243G,
and an unusual phenotype with prominent gastro-
intestinal involvement.

Patients

Index case (1I:1)

A 52-year-old woman without cardiovascular risk
factors arrived to the emergency room with the
following symptoms: an acute confusional syndrome,
migraine, and left hemiparesis. She had sensorineural
hearing loss since childhood and frequent constipa-
tion. In the previous 4 months, the patient had

381



382 A. GARCIA-VELASCO et al.

suffered occasional abdominal pain and vomiting.
She had a family history of normal early develop-
ment, short stature, sensorineural hearing loss,
exercise intolerance and frequent constipation, in
several members of the maternal lineage.

On physical examination, slight dysarthria, left
hemiparesis and short stature (1.42 m) were
found. Chest X-ray, electrocardiogram, complete
blood count and coagulation studies were normal.
Lactate dehydrogenase (LD) was 1251 IU L™! (313—
618 normal range), and creatine kinase (CK)
2369 IU L' (35-230 normal range).

Cranial computed tomographic (CT) scan showed
calcification of the basal ganglia and a hypodense
temporoparietal image with an important compo-
nent of vasogenic oedema. Oral anti-aggregation
treatment was started.

The following additional tests were performed and
showed normal values: serological search for virus
(human immunodeficiency virus, hepatitis B and C
and herpes virus) Brucella, Borrelia, Lues, immuno-
logical determinations for antiphospholipid antibod-
ies, rheumatoid factor, antinuclear antibodies
(ANA), extractable nuclear antigens (ENA), antineu-
trophil cytoplasmic antibodies (ANCAs) and the
complement factors 3 and 4.

During admission, the patient’s clinical condition
improved, focal neurological deficits disappeared and
her speech became more coherent, although some
disorders in the cortical functions remained (inat-
tention and euphoria) and hearing loss worsened.

After 4 days she developed paralytic ileus and
urinary retention. An abdominal X-ray showed an
increased jejunoileal gas with air-fluid levels (Fig. 1).
The abdomino-pelvic ecography and CT revealed an
important urinary retention with uretero-hyroneph-
rosis and signs of intestinal pseudo-obstruction
without a definite obstructive level. A barium meal
showed the duodenum-ileum to be akinetic, and
radiological contrast was seen in the duodenum in
an abdominal X-ray taken 27 h after its adminis-
tration. Parenteral nutrition was begun, being
followed by the slow resolution of the pseudo-
obstruction.

Serum lactate was 4.1 mmol L™' (normal
<2.09 mmol L™Y), pyruvate was 0.3 mmol L™}
(normal <0.03 mmol L"), and blood muscle
enzymes were also elevated. A cranial magnetic
resonance (MR) confirmed the lesions already visu-
alized in CT and revealed changes on signal intensity

Fig. 1 Simple abdominal radiograph of the proband’s intestinal
pseudo-obstruction.

in the right cerebral hemisphere. The electromyo-
gram demonstrated myopathic changes.

A muscle biopsy of the brachial biceps revealed
abundant ragged-red fibres (RRF) strongly positive
to succinate dehydrogenase staining, that stained
positive for cytochrome c-oxidase (COX) activity in
most fibres, although there were some RRF-COX
negative fibres.

Genetic analysis of mtDNA revealed the presence
of the A3243G mutation in muscle and blood from
the patient, which confirmed the diagnosis of
MELAS syndrome.

She was treated with L-carnitine (1 g 24 h™),
Co-enzyme Q (100 mg 12 h™'), and B-complex
vitamins (B1, B6, B12).

One month after this first episode, she presented
with seizures, lactic acidosis, intestinal pseudo-ob-
struction and urinary retention. Two months, later
the patient had an acute severe paralytic ileus. She is
currently treated with rL-carnitine, eritromicine and
B-complex vitamins and is relatively doing well,
having a regular intestinal rhythm, and recovered
oral nutrition. The only remaining sequelae are a
sensorineural hearing loss and a mild disorder of the
cortical function consisting of euphoria.
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Fig. 2 Family pedigree (a) and
molecular analysis, (b) in family
members, with the A3243G muta-
tion. In the presence of the muta-
tion, the 209 bp fragment is

cleaved by the endonuclease Apa I (b) Muscle

into two fragments of 111 and

98 bp (not shown), whilst the wild-
type mtDNA remains uncut.
Arrows indicate individuals tested
for the mutation and solid symbols
denote symptomatic members.
Percentages of mutation are shown
for blood and muscle.

% wt mtDNA
% mutant mtDNA

Other individuals

I:1. The proband’s mother, died at 81 years of age
because of cardiopathy. She was likely to have been
affected because she was short in stature and deaf
since adolescence.

II:7. The proband’s sister, was also short in stature
and deaf, and who developed, late in life, a psychi-
atric-like disease (characterized by lost of inhibition)
and a stroke. A cranial CT showed a hypodense
area, apparently ischaemic, and massive calcifica-
tion of the basal ganglia. She died at 72 years of age,
because of congestive cardiopathy.

I:10. The 67-year-old sister of case II:1, the only
proband’s sibling still alive, was short in stature,
diabetic and deaf.

II:1, IIL5, II1:8, and 1V:2. The daughter, cousins
and a cousin’s daughter of the case II:1 share a sim-
ilar phenotype of short stature and thin muscles, and
they refer easy tiredness and frequent constipation.

III:2, III:3, III:4. The proband’s sons and a male
cousin are asymptomatic.
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Methods

Exercise tests

Serum determinations of lactate and pyruvate before
and after an isometric aerobic exercise of 20 min
were performed in six family members.

Mitochondrial genetic analysis

Total DNA was extracted from skeletal muscle and
blood of each patient, using an established procedure
[3]. The mtDNA tRNAY"UUR) region spanning be-
tween 3145 and 3354 mtDNA positions, was PCR-
amplified, with suitable primers as described [4]. The
209 bp PCR product was then digested by Apa I and
the fragments separated by electrophoresis. The
A3243G mutation creates a restriction site for Apa
I, yielding fragments of 111 and 98 bp, whereas the
wild-type sequence remains uncut. Percentages of
mutant mtDNA were estimated desintometrically. To
confirm the presence of the mutation the mtDNA
fragment was sequenced in an ABI 310 (PE Biosys-
tems, Foster City, CA, USA), using the same set of
primers.
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Results

Family pedigree and proportion of mutant genomes
are shown in Fig. 2. The A3243G point mutation
was heteroplasmic in all patients studied, except in
case III:4, a nephew of the proband, son of the
proband’s brother. The percentage of mutant
mtDNA in muscle fibres of the proband was 67%
and varied between 2 and 48% in family members
(blood samples).

The case IV:2, the 23-year-old second-cousin of
case II:1 had the highest percentage of mutated
DNA (48%); the proband’s 19-year-old daughter
(case III:1) had 44% mutant genomes. Both of them
have short stature and easy tiredness, with no
further symptoms.

Exercise tests revealed an elevation of serum
lactate and piruvate after isometric aerobic exercise
in those family members with the highest proportion
of mutant blood mtDNA (cases III:1 and IV:2).

Discussion

Mitochondrial DNA disorders are a heterogeneous
group of diseases that affect mitochondrial energy
metabolism and result in decreased aerobic adenosine
triphosphate (ATP) production and impairment of
energy-requiring functions. Individuals affected with
disorders of mitochondrial energy production can
have a wide range of multisystemic symptoms [5].
MELAS syndrome, first described by Pavlakis et al. in
1984 [2], is associated with mtDNA point mutations;
particularly with the A3243G substitution [4]. Our
patient showed the following cardinal features of
MELAS syndrome: RRF, stroke-like episodes, lactic
acidosis, seizures and progressive dementia. In addi-
tion, she had gastrointestinal dismotility and urinary
retention, which are unusual findings in patients with
MELAS. The evidence of maternal transmission of the
trait, together with the histochemical findings,
prompted us to look for the A3243G mutation in
mtDNA. Molecular analysis revealed the presence of
the mutation in varying levels of heteroplasmy in the
different tissues of several individuals related to
maternal lineage. Cases III-4 and III-2 illustrate the
concept of maternal transmission of the mutation: III-
4 was the son of the proband’s brother and harboured
100% of normal mtDNA (no transmission via males),
whereas III-2 was the son of the proband and
harboured 29% mutant mtDNA. MELAS has mater-

nal inheritance, but the onset, severity and course of
the disease, cannot be accurately predicted by differ-
ent levels of heteroplasmy in tissues and differing
threshold values in different organs and individuals,
as demonstrated by the lack of relationship between
proportion of mutant genomes and severity of clinical
phenotype in our family.

Gastrointestinal dysmotility, including diarrhoea
and pseudo-obstruction syndrome, is a cardinal
feature of MNGIE, which is often associated with
multiple deletions in mtDNA but, in contrast to
MELAS syndrome, MNGIE is an autosomal recessive
disorder because of mutations in the nuclear-enco-
ded TP gene [6]. In addition, intestinal pseudo-
obstruction has also been documented in a patient
with encephalopathy and cardiomyopathy, harbour-
ing a large-scale mtDNA deletion [7]. The case we
describe here raises a special interest because of the
main gastrointestinal involvement and the urinary
retention associated with the A3243G mutation.
Although the combination of MELAS and gastroin-
testinal dysmotility has been reported before [8], it is
rather unusual, particularly if associated with urin-
ary retention. The symptoms of urinary tract may
suggest a more generalized involvement of smooth
muscle cells caused by the A3243G mutation. The
aetiology of the intestinal pseudo-obstruction is
unclear, whether they result from defective energy
output in enteric neurones [6], smooth muscle [7], or
both, will require further research.

These data extend and confirm the wide clinical
spectrum of mitochondrial disorders associated with
the A3243G mutation [9].

In conclusion, for a clinician, the MELAS syn-
drome should not be considered any longer as an
encapsulated group of definite symptoms, but a
multisystemic disorder that should be suspected in
young and middle-aged people [10] with symptoms
and signs of muscular and visceral myopathy and/or
pathological family history. Also, genetic coun-
selling in those family members at high risk of
developing or transmitting this mutation is recom-
mended, as it is the introduction of adequate
treatments [11].
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