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ABSTRACT

MELAS syndrome (mitochondrial encepha-
lomyopathy, lactic acidosis, and stroke-like
episodes) and MIDD syndrome (maternally
inherited diabetes and deafness) are mito-
chondrial diseases caused in most cases by
the same mutation m.3243A> G, which af-
fects the gene MT-TL1.

The cases of two families with MELAS
are presented here. In the first case, the
m.3243A>G mutation was detected and the
heteroplasmy level in blood, urine and oral mu-
cosa were determined, finding a great pheno-
typic variability: the patient had higher hetero-
plasmy in the three tissues compared against
oligosymptomatic relatives, and the mother
had high blood sugar levels and hearing loss,
suggesting a phenotype near to MIDD. In the
second family, the m.3271T>C mutation was
detected, which constitutes the first case re-
ported in Colombia.

These findings suggest that MIDD and ME-
LAS, often described as distinct entities, are
part of the same entity with variable expressivity
partially depending on heteroplasmy.
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INTRODUCTION

MELAS is a multisystem disease character-
ized by the presence of mitochondrial en-
cephalomyopathy, lactic acidosis and stroke-
like episodes. Usually, the initial psychomotor
development is normal and the condition
typically starts developing during childhood.
Other common clinical manifestations include
ataxia, myoclonus, episodic coma, cardiomy-
opathy, pigmentary retinopathy, ophthalmo-

plegia, diabetes, hirsutism, gastrointestinal
dysmotility, migraines and nephropathy.

This disease is caused by mutations in mi-
tochondrial DNA (mtDNA) and the most fre-
quent is m.3243A>G, which affects one of
the genes of the mitochondrial leucine tRNA
(MT-TL1) (1.2). The clinical manifestations of
such mutation are highly heterogeneous and
produce different clinical presentations, in-
cluding MELAS, diabetes, maternally inherited
deafness (MIDD) and even oligosymptomatic
and asymptomatic individuals. The causes of
this variability are not completely understood
yet, but genetic or environmental factors may
be involved (3-6).

Given that the mutation responsible for
these diseases is found in the mitochondrial
genome, that each cell has multiple mitochon-
dria and that each mitochondrion has multi-
ple copies of its DNA, it is common that such
mutation is not present in all of them and that
the frequency of this event varies from cell to
cell, from tissue to tissue and from patient to
patient. This phenomenon is known as hetero-
plasmy and is one of the genetic factors that
has been considered as the responsible for
the clinical variability (7).

Some studies have been conducted to
evaluate the association between the hetero-
plasmy level in various tissues and the clinical
manifestations in patients with MELAS and
their relatives, finding higher levels of hetero-
plasmy in skeletal muscle cells, followed by
urinary sediment cells. Higher levels of hetero-
plasmy are related to the presence of certain
clinical features such as myopathy, seizures,
stroke - like episodes, cardiomyopathy, short
stature and low weight (5).

There is only one previous study in Co-
lombia, in which two families with MELAS and
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m.3243A>G mutation were evaluated; the
heteroplasmy behavior in these families and
its correlation to clinical manifestations were
analyzed (8) .

Two cases evaluated at the Institute of Ge-
netics from Universidad Nacional de Colombia
at its Bogota Campus are presented here. The
first case deals with a family with MELAS and
m.3243A>G mutation, to whom the level of
heteroplasmy was evaluated in three tissues:
blood, urine sediment and oral mucosa; then
an analysis of the results and their relation-
ship with the clinical picture of the individuals
is made. The second case is about another
family with MELAS and m.3271T>C mutation,
which constitutes the first family case reported
in Colombia with this mutation. Both families
signed an informed consent during their first
visit to the institute.

PATIENT INFORMATION
Family MELAS 1

The patient was a six-year old girl when first
consulted, who started to develop unsteady

gait and short stature at about three years
of age, but had normal fine motor skills and
language. At the age of five, she suffered
the first convulsive episode, characterized
by loss of consciousness, cyanosis, clonic
movements of the head and sudden loss of
tone in the rest of the body. Six months later,
she presented the first stroke-like episode,
characterized by seizures associated with vi-
sion loss. Two months later, she presented a
similar episode and since then, has contin-
ued to show partial loss of vision, left hemipa-
resis, headache and recurrent vomiting. She
is currently being treated with levetiracetam,
oxcarbazepine, carnitine and clonazepam.
Important background information showed
that the patient is the third daughter of a
30-year-old mother, non-consanguineous par-
ents, pregnancy complicated only by gestation-
al diabetes and full term delivery via C-section.
The patient had neonatal respiratory dis-
tress, but did not require intubation nor in-pa-
tient stay in the neonatal intensive care unit,
and had apparently normal early neurodevel-
opment. Relevant aspects of family history are
(Figure 1): mother with gestational diabetes
during pregnancy; maternal half-sister and
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possibly the mother with migraine; maternal
uncle with epilepsy since age 11, who appar-
ently died of cerebrovascular disease at age
12; maternal second cousin with hemiparesis
since birth; maternal grandmother with a his-
tory of two years of unspecific psychiatric dis-
order characterized by aggression and psy-
chosis already resolved; no family history of
diabetes mellitus, heart disease, chronic renal
failure or deafness.

Physical examination found a thin (BMI =
12), normocephalic patient, with sluggish-
ly reactive isochoric pupils, preserved eye
movements, generalized hypotonia with left
hemiparesis, poor coordination, predom-
inant truncal ataxia and patellar reflexes
+++/++++. Paraclinical studies were nota-
ble due to high lactate (2.24 mmol/L); creat-
inine, blood urea nitrogen and fasting blood
sugar within normal ranges. Brain magnetic
resonance imaging performed during the first
stroke-like episode revealed a right tempo-
ro-occipital cerebral infarction, with spec-

Individual

Patient
Oral mucosa
Blood

Mother Urine

Oral mucosa
Blood
Urine

Oral mucosa

Source: Own elaboration based on the date obtained in the study.

Table 1. ARMS-qPCR results for m.3243A> G mutation in MELAS 1 family.

troscopy that reported decreased peaks of
N-acetylaspartate, choline and creatine, and
a dominant peak of lactate in the right tempo-
ro-occipital area. The panel for prothrombot-
ic conditions (Factor VIII, factor C, protein S,
antithrombin lll, protein C resistance, IgG and
IgM) was within normal ranges.

The mother was 36 years old at the time of
the first consultation and had a normal physi-
cal examination with normal body mass index
(BMI). The maternal half-sister was 18 at the
time of the first consultation and also present-
ed normal physical examination and BMI.

The presence and level of heteroplasmy
of m.3243A>G mutation was determined
through the amplification refractory mutation
system with quantitative PCR (ARMS-qPCR)
as described by Wang et al. (9). The evaluated
samples included urine sediment, oral muco-
sa smear and peripheral blood; the results of
these tests are shown in Table 1. Additionally,
other complementary tests were performed
(Table 2).
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2]feYels

creatinine
(mg/dl)
0.331
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Nitrogen
(mg/dL)

24.9

Individual
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Source: Own elaboration based on the data obtained in the study.

Table 2. Complementary tests for MELAS 1 family.

Glomerular
filtration rate (mL/

min/1.7 3 m2)
143.5

Tonal
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EKG
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Family MELAS 2

The patient was a 24-year-old man at the
time of the first consultation, who started to
develop multiple stroke-like episodes asso-
ciated with focal epilepsy at age 18; the first
time, he presented myoclonic movements of
the left upper limb. In addition, the patient had
a history of recurrent migraines -which had
required in-patient hospital care-, decreased
visual acuity, recurrent vomiting associated
with hiatal hernia, gastroesophageal reflux
disease and Helicobacter pylori infection; he

is currently being treated with clonazepam, le-
vetiracetam, coenzyme Q10 and L-carnitine.

Important background information report-
ed that the patient is the second child of a
34-year-old mother with non-consanguine-
ous parents, pregnancy and childbirth without
complications and with normal initial neurode-
velopment. Family history is notable due to the
presence of maternal relatives with diabetes
mellitus, migraine and deafness (Figure 2).
The patient’s mother had a history of varicose
disease in lower limbs and gastric carcinoma
at 50 years of age.
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Physical examination found a thin patient,
alert and oriented, but with mild bradypsychia
and affect tending to flat. The rest of the neu-
rological examination was normal, with no re-
markable motor or sensory deficits. Laboratory
and imaging studies showed normal fasting
glucose, creatinine and blood urea nitrogen;
transesophageal echocardiography without ev-
idence of heart disease; brain MRI with mul-
tiple strokes, basal and medial right occipi-
to-temporal predominance; multiple abnormal
electroencephalograms that reported slow ac-
tivity in the right hemisphere, and generalized
polyspike and slow waves; elevated lactic acid
in blood before and after physical activity and
auditory evoked potential compatible with mild
bilateral peripheral sensorineural hearing loss.
The patient underwent a mitochondrial muta-
tion panel in peripheral blood through restric-
tion fragment length polymorphism (RFLP),
reporting the presence of m.3271T>C muta-
tion associated with MELAS and discarding
mutation m.3243A>G, among others.

DISCUSSION

This paper presents the case of two patients
with MELAS associated with two different
mutations, both consisting of transitions sub-
jected to the phenomenon of heteroplasmy
and found in the MT-TL1 gene, which is part
of the mitochondrial DNA.

First, a family with m.3243A>G muta-
tion, whose family tree shows the already
known phenotypic heterogeneity of this
mutation, as well as individuals with mild
manifestations (mother and half-sister), and
others with MELAS with a more severe pic-
ture (the patient and probably her maternal
uncle) is reported. Although the sample size
is small to determine whether there is a cor-

relation between the level of heteroplasmy
and the clinical manifestations, it is evident
that, in this case, the patient has a hetero-
plasmy level in the three tissues analyzed,
much higher than her slightly affected rela-
tives, which supports the hypothesis that the
heteroplasmy level is related to the number
and severity of clinical manifestations. Both
the mother and the patient showed higher
heteroplasmy levels in the urinary sediment
and lower levels in blood, which was not the
case of her half - sister, in which the most
affected tissue was the oral mucosa, fol-
lowed by blood and urine sediment.

Previous studies show that urinary sediment
usually reveals higher heteroplasmy, followed
by the oral mucosa and peripheral blood. The
cause is not entirely known, but this probably
happens due to two factors: 1) the rate of cell
division and 2) tissue mutational threshold. For
example, tissues with increased energy ex-
penditure show alterations with smaller muta-
tional loads. Peripheral leukocytes have a high
energy expenditure and also divide rapidly, so
those with a high mutational load would be
particularly sensitive to secondary mitochon-
drial dysfunction and, thus, would be subject-
ed to a strong negative selection, which would
result in lower heteroplasmy with time; on the
other hand, the urinary sediment consists of
transitional cells with rapid cell division but
with lower energy requirements, giving them
greater tolerance to mitochondrial dysfunction
and allowing them to increase their mutational
load (5,6).

Other studies have addressed the issue
of the existence of a threshold effect in dis-
eases secondary to mitochondrial mutations;
that is, a heteroplasmy level at which clini-
cal manifestations develop. It has been pro-
posed that this phenomenon occurs because
mitochondria under normal conditions have
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more mRNAs, tRNAs and active respirato-
ry chains that are needed for normal cellular
respiration, which allow tissues to tolerate a
load of deleterious mitochondrial mutations
up to a certain percentage, which constitutes
the threshold (10). The best example is the
m.8993T>G mutation, in which individuals
with less than 60% heteroplasmy —in mus-
cle— are usually asymptomatic or have only
mild pigmentary retinopathy or migraines. In-
dividuals with heteroplasmy ranging between
70% and 90% develop NARP syndrome
(Neuropathy, ataxia, and retinitis pigmento-
sa) and individuals with heteroplasmy higher
than 90% develop Leigh's disease, a neuro-
degenerative and fatal disorder (11).

In the case of MELAS, MIDD and the
m.3243A>G mutation, the correlation is not
clear and there is no precise threshold; how-
ever, several studies have found a phenotypic
threshold for MELAS ranging between 60%
and 90% heteroplasmy in muscle (10), which
reveals a large overlap between asymptom-
atic individuals and oligosymptomatic indi-
viduals with MIDD and MELAS. No studies
attempting to determine the value of the phe-
notypic threshold of this mutation in other tis-
sues have been found.

On the other hand, it is important to note
that the phenotypic manifestations of the
mutation in question are not static and may
change over time. In this vein, it is worth
analyzing the case of the mother of the girl,
whose physical examination was completely
normal but presented altered fasting glucose
and mild hearing loss; the progression of
these disorders could lead to diabetes and
maternally inherited deafness, a clinical pic-
ture that makes part of the clinical spectrum
of this mutation. In fact, this individual had
gestational diabetes during the pregnancy of
the patient, situation previously reported by

Laloi-Michelin et al., for a group of MIDD pa-
tients, of which about 16% had gestational
diabetes as initial presentation (12).

Although the m.3243A>G mutation does
not seem to be a common cause of gestation-
al diabetes (13), this finding shows that mito-
chondrial dysfunction may play a role in the
pathogenesis of this type of diabetes, since a
recent study shows a reduction in mitochon-
drial protein expression and altered calcium
signaling proteins in the skeletal muscle of
women with gestational diabetes (14).

On the other hand, a more detailed anal-
ysis of this patient's audiometry reveals that
her hearing loss mostly affects the high-
est frequencies (6000-8000Hz), which is a
common feature of deafness secondary to
this mutation, initially affecting this type of
frequencies and subsequently progressing to
all frequencies. In this regard, MIDD-related
hearing loss has a similar course as presbycu-
sis, except that the latter starts at a much lat-
er age; nevertheless, hearing loss in patients
with MIDD usually appears after diabetes
(15), which is not the case of this patient and
corroborates that deafness is not secondary
to chronic hyperglycemia, but probably to the
underlying mitochondrial dysfunction. These
findings may suggest that MIDD and MELAS,
often described as distinct entities, are part
of the same entity with variable expressivity,
depending in part on heteroplasmy.

Another important finding was the pres-
ence of a right bundle branch block in the
half-sister of the patient, whose physical ex-
amination was also normal. Since the myo-
cardial tissue is a high energy consumer and
depends on the B-oxidation of fatty acids
MIDD —which occurs in the mitochondrae
— as an energy source, it is not surprising
that the heart is often affected in mitochon-
drial diseases. Even when the most com-
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mon involvement is usually cardiomyopathy
or Wolf-Parkinson-White syndrome (WPW),
a report of Hinaro et al. reported a preva-
lence of 6% of cardiac conduction blocks in
patients with MELAS (16) and a Japanese
study revealed a prevalence of 10% of cardi-
ac conduction disorders in diabetic patients
with m.3243A>G mutation (17). Similarly, a
Dutch study obtained a prevalence of 25% of
electrocardiographic abnormalities in asymp-
tomatic individuals who carry this mitochon-
drial mutation (6).

This highlights the importance of per-
forming a molecular diagnosis of the maternal
relatives of affected individuals, as well as a
close clinical monitoring that examines those
who exhibit the mutation, even if their symp-
toms are mild or nonexistent. There is no con-
sensus about the management of asymptom-
atic or oligosymptomatic maternal relatives,
but a periodical evaluation by audiology and
ophthalmology, and complementary testing
(such as electrocardiogram, echocardio-
gram, blood glucose, blood insulin, fasting
C-peptide and hemoglobin A1C) is consid-
ered appropriate in order to detect these dis-
eases early and make an early intervention.

Second, the case of the MELAS 2 family
with m.3271T>C mutation, which is the sec-
ond most common cause and accounts for
about 7.5% of MELAS cases (2), was present-
ed; it has also been reported as the cause of
MIDD (14,18). As far as known, this is the first
case of this mutation reported in Colombia.

For this family, the molecular test was
not performed to maternal relatives nor the
heteroplasmy level was determined because
the used methodology did not provide that
information; however, the family tree report-
ed multiple individuals with diabetes mellitus,
deafness and migraine, manifestations likely

to be related to the mutation, which also re-
flect the phenotypic heterogeneity of muta-
tions in the MT-TL1 gene.

The case of the individual II-4, which has
type 2 diabetes, migraine and chronic renal
failure, is of interest. There are reports of indi-
viduals with m.3243A>G mutation and kidney
diseases, including focal segmental glomeru-
losclerosis and tubulointerstitial nephropathy
(1); as a matter of fact, individuals with MIDD
have a higher risk of diabetic nephropathy
compared to those with common diabetes
mellitus, as previously explained, probably
because cells of renal tubules have a high
energy consumption (19). It is important, for
future studies, to determine the presence and
level of heteroplasmy in different members of
this family, because, so far, no studies that
evaluate the relationship between the level of
heteroplasmy of m.3271T>C mutation and
its clinical manifestations have been found.

In addition, it is worth noting that both
patients had cerebral ischaemia implicating
posterior regions of the cerebral cortex. This
is typical in MELAS and the reason for this
distribution is currently unknown.

Betts et al. conducted a molecular and
neuropathological study in two individuals
with MELAS, which found evidence of mito-
chondrial dysfunction in the blood vessels of
leptomeninges and the cerebral cortex, but
this dysfunction was not limited to a specif-
ic brain region. In this work, the authors pro-
posed that episodes of cerebral ischemia are
related not only to mitochondrial dysfunction
of blood vessels, but also to a phenomenon
related to migraine, which is common in ME-
LAS patients, known as cortical spreading
depression (CSD).

The CSD is a cortical depolarization wave
originated in the occipital region and then
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propagates anteriorly over the cerebral cor-
tex, immediately followed by a period of inhi-
bition of electrical activity. This phenomenon
is accompanied by changes in the cortical
vascular flow, initially presenting hyperae-
mia of approximately three to four minutes,
followed by a slight hypoperfusion for about
one to two hours. This hypoperfusion, togeth-
er with the underlying mitochondrial dysfunc-
tion, would predispose cerebral ischaemia in
posterior regions of the cerebral cortex (20).

In conclusion, the cases presented here
confirm the great clinical variability of muta-
tions of the MT-TL1 gene found in these fami-
lies, especially in the case of m.3243A>G mu-
tation in MELAS 1 family, whose heteroplasmy
could explain the broad phenotypic spectrum
within which MELAS and MIDD are included.
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