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SCREENING FOR MELAS MUTATIONS IN YOUNG
PATIENTS WITH STROKE OF UNDETERMINED ORIGIN

Adriana Bastos Conforto’, Fabio luji Yamamoto?,
Sueli Mieko Oba-Shinjo’, Julio Guy C. Pinto? Mauricio Hoshino?,
Milberto Scaff', Suely Kazue Nagahashi Marie'

ABSTRACT - Purpose: It has been suggested that mitochondrial disease may be responsible for a substan-
tial proportion of strokes of indetermined origin. We have preliminarily screened for MELAS (mitochondri-
al encephalomyopathy, lactic acidosis, and stroke-like episodes) mutations in young patients with crypto-
genic strokes. Method: The mitochondrial mutations A3243G and T3271C were investigated in 38 subjects
aged less than 46 years. Group 1: 15 patients with cryptogenic strokes; Group 2: 3 patients with diagnosis of
MELAS syndrome, including stroke-like episodes; Group 3: 20 healthy subjects. Results: The A3243G mu-
tation was absent in all subjects in Groups 1 and 3 but was present in all subjects in Group 2. Conclusion:
Our results do not support screening for these mutations to diagnose oligosymptomatic forms of MELAS
in cryptogenic strokes in the absence of other features of the syndrome. We suggest that clinical findings
should guide mitochondrial genetic testing.

KEY WORDS: cerebrovascular disease, diagnostic methods, mitochondrial disease, myopathy, cryptogen-
ic stroke.

Mutacoes relacionadas a sindrome de MELAS em pacientes jovens com acidente vascular cere-
bral de etiologia indeterminada

RESUMO - Propdsito: Foi sugerido que mitocondriopatias possam ser responsaveis por uma proporg¢ao subs-
tancial de acidentes vasculares cerebrais de etiologia indeterminada. Realizamos um estudo preliminar de
pesquisa de mutacdes relacionadas a sindrome de MELAS (encefalomiopatia mitocondrial, acidose latica
e episodios “stroke-like”) em pacientes jovens com acidentes vasculares cerebrais criptogénicos. Méto-
do: As mutacdes mitocondriais A3243G e T3271C em 38 individuos com menos de 46 anos. Grupo 1: 15 pa-
cientes com acidentes vasculares cerebrais criptogénicos; Grupo 2: 3 pacientes com diagnoéstico de sindro-
me de MELAS, incluindo episodios “stroke-like”; Grupo 3: 20 voluntérios saudaveis. Resultados: A muta-
cd0 A3243G esteve ausente em todos os individuos dos Grupos 1 e 3 mas esteve presente em todos os in-
dividuos do Grupo 2.  Conclusdo: Nossos resultados sugerem que nao ha utilidade em pesquisar estas mu-
tacdes para diagnosticar formas oligossintomaticas de MELAS em acidentes vasculares cerebrais criptogé-
nicos na auséncia de caracteristicas da sindrome. Sugerimos que o quadro clinico deva guiar a solicitacdo
de pesquisas de mutacdes relacionadas a mitocondriopatias nestes pacientes .

PALAVRAS-CHAVE: doenca cerebrovascular, métodos diagndsticos, mitocondriopatias, miopatias, infar-

to criptogénico.

Worldwide, cryptogenic strokes account for 8.3-
55% of ischemic strokes in young patients'>. It has
been suggested that mitochondrial disorders may
present oligosymptomatically and may be responsible
for up to one third of cryptogenic ischemic strokes in
the young®. Even though clinical features vary widely
in mitochondrial diseases, distinctive syndromes such
as MELAS (mitochondrial encephalomyopathy, lac-
tic acidosis and stroke-like episodes) have been de-
scribed”®. Stroke-like episodes can appear at any age
in MELAS and occur in around 50% of the patients
with the A3243G mitochondrial DNA (mtDNA) muta-

tion'. In most cases, episodes occur before the fifth
decade. The occipital lobe is the most commonly af-
fected area but the reason for this predilection is
unclear'. The A3243G mutation has been reported
in approximately 80% of cases of MELAS and other
mtDNA mutations such as T3271C have also been de-
scribed'. The degree of heteroplasmia (the propor-
tion of normal and mutant mitochondrial DNA in
each tissue) is an important factor influencing vari-
ability of phenotypical presentation.

If the full-blown syndrome does not develop but
mitochondrial dysfunction is present and contrib-
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utes to a sufficient number of cryptogenic strokes in
young patients, then screening for MELAS mutations
may allow for diagnosis in these patients. In order to
investigate this issue, we have preliminarily investi-
gated the relative frequency of A3243G and T3271C
mtDNA mutations in young subjects with stroke of
undetermined etiology, patients with MELAS and
healthy volunteers.

METHOD

We studied 38 subjects aged 45 years or less, according
to the following criteria:

Group 1 (14 patients) — Ischemic stroke of undeter-
mined origin according to Trial of Org 10172 in Acute
Stroke Treatment (TOAST) criteria'. CT and MRI was per-
formed in all patients: in the acute phase in 10 patients,
in the chronic phase (after 6 months) in 6 patients and in
both phases in 6 patients. Neuroimaging confirmed lesions
that were classified as anterior and/or posterior territory
infarcts™". Clinical features of MELAS were evaluated. Pa-
tients with incomplete evaluation of stroke etiologies were
excluded. All patients underwent extensive clinical and neu-
rological evaluation, electrocardiogram, hemogram, blood
biochemistry, lipid profile, erythrocyte sedimentation rate,
Chagas’ disease serology, syphilis serology, coagulogram,
protein S, protein C, antithrombin Ill, haemoglobin electro-
phoresis, antinuclear antibodies, rheumatoid factor, com-
plement, lupus anticoagulant, anticardiolipin antibodies,
duplex ultrasonography of extracranial vessels, echocardi-
ogram (transesophageal, 14; transthoracic, 1). In addition,
intracranial and extracranial arteries were evaluated in all
patients, either by magnetic resonance angiography (13),
digital subtraction angiography (9) or transcranial Doppler
(9). Holter monitoring was performed in 7 patients. Evalu-
ation was performed retrospectively between November,
2001 and June, 2002 after diagnosis of ischemic stroke, ei-
ther during admission in the Neurology ward (8 patients)
or during follow-up in the Stroke clinic (6 patients).

Group 2 (3 patients) — Patients that had been admit-
ted to the Neurology clinic or ward with a diagnosis of ME-
LAS and stroke-like episodes according to the following cri-
teria: a) presence of at least one episode with clinical and
neuroimaging (CT or MRI) features compatible with stroke-
like episode, i.e., acute onset of focal neurologic deficit and
neuroimaging findings not always corresponding to a vas-
cular distribution”'"; b) increase in lactate level in blood
and/or CSF; ¢) morphological findings suggestive of a mi-
tochondrial disorder in muscle biopsy. Clinical, imaging and
laboratory information were retrospectively reviewed. His-
tological and histochemical analyses were performed ac-
cording to the technique standardized by Dubowitz'®. The
presence of ragged red fibers (RRFs) and the distribution
of succinate desidrogenase positive (SDH+) fibers and cy-
tochrome C oxidase negative (COX-) fibers were investi-
gated. The SDH reactivity of vessels was also evaluated.
Increased number of mitochondria and paracrystalline in-
clusions were evaluated by electronic microscopy. Diffusion-

weighted (DWI) MRl images were not available at the time
the stroke-like episodes were diagnosed.

Group 3 (20 healthy subjects) — Inclusion criteria: Age
and gender similar to patients in group 1. Exclusion criteria:
neurological abnormalities (except history of headache).
DNA analysis was performed in blood.

History of migraine according to criteria of the Inter-
national Headache Society", history of seizures, enceph-
alopathy or recurrent vomiting were investigated in the
three groups. In addition, the A3243G and T3271C mtDNA
mutations were studied by PCR amplification of genom-
ic DNA extracted from peripheral leukocytes by a salting
out method'® and utilized for polymerase chain reaction
(PCR)-restriction fragment length polymorphism. After
endonuclease digestion specific for each point mutation
(Apal for A3243G and Aflll for T3271C), products were an-
alyzed by 8% polyacrilamide gel electrophoresis, followed
by silver staining. Point mutational analysis was performed
on digestion products.

In Group 2, the A3243G mutation was investigated in
genomic DNA extracted from peripheral leukocytes and
muscle biopsy specimens. In one patient, postmortem anal-
ysis was performed in the deltoid, diaphragm, extrinsic oc-
ular and heart muscles as well as in the hypophysis, thy-
roid, liver and brain.

The research protocol followed institutional guidelines and
was approved by the Ethics Committee of Hospital das Clinicas/
Sao Paulo University. Subjects gave informed consent.

MELAS is an extremely rare disease and, therefore, the
number of patients in Group 2 was small. Therefore, we
provided description of the data and did not perform for-
mal statistical analysis.

RESULTS

The A3243G mutation was absent in all subjects
in Groups 1 and 3 but was present in all patients in
Group 2. The T3271C mutation was not found in any
of the groups. Characteristics of subjects in Groups
1, 2 and 3 are shown in the Table.

Migraine headaches were present in 3/14 of sub-
jects in Group 1, 4/14 of the subjects in Group 3 and 2/3
patients in Group 2. One patient in Group 1 had diabe-
tes mellitus. No other symptoms of MELAS were pres-
ent in Groups 1 or 3. Family history of stroke was pres-
ent in 5/14 patients in Group 1. In Group 1, infarcts af-
fected the posterior circulation territory in one third of
the patients while in Group 2, all lesions included both
anterior and posterior circulation territories but did
not obey to strict limits of arterial territories (Fig 1).

Clinical and muscle biopsy findings typical of ME-
LAS were present in all subjects in Group 2. In addi-
tion, maternal inheritance was present in all patients.
Figure 2 shows the pedigree of Patient 3 as well as
results of PCR amplification products.
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Fig 1. Top. T2-weighted MRI from Patient 3 (Group 2) shows increased signal in temporal cortex, occipital

cortex and white matter bilaterally. Bottom. Postmortem findings in the same patient. Ragged red fibers
(arrows) are present in diaphragm muscle (left) and heart muscle(right) stained by modified Gomori.

Patient 1 was a 32-year-old male with a history of
seizures for the past five years. He also had episodes
of encephalopathy and vomiting for the past four
months prior to admission. He had no family history
of similar symptoms. Lactate was increased in blood
and CSF. MRI showed a stroke-like lesion involving
the right temporal, parietal and occipital lobes as
well as the right thalamus. The A3243G mutation was
identified in DNA extracted from blood and muscle
biopsy. Biopsy showed RRFs, SDH + and COX - fibers
on light microscopy and an increased number of mi-
tochondria on electron microscopy.

Patient 2 was female, presented with hearing loss
at the age of 15 and migraine headaches at the age
of 18. At age 29, she developed epilepsy and had a
stroke-like episode. She had no family history of sim-
ilar symptoms. MRI showed a right temporoparietal
cortical lesion with increased signal in T2-weight-
ed images. CT showed calcifications in globus pall-
idus and pulvinar bilaterally. Lactate was slightly in-

creased in blood and CSF. Muscle biopsy showed RRF
and SDH+ fibers. At the age of 34, she developed di-
abetes mellitus.

Patient 3 was male, began to have epileptic sei-
zures at the age of 9 and one year later developed
poor seizure control and sudden onset of right hemi-
paresis. He progressed with other spells of focal neu-
rological deficits with partial resolution of the symp-
toms over a period of months. He had no family his-
tory of similar symptoms. His pedigree is shown in
Figure 2. Lactate was increased in blood and CSF.
Brain MRI is shown in Figure 1. Muscle biopsy showed
RRFs, SDH+ and COX- fibers. Blood vessels from the
muscle biopsy were also strongly SDH+. He died at
the age of 15. Autopsy showed mitochondrial prolif-
eration with RRFs on optic microscopy of deltoid, di-
aphragm, extrinsic ocular and heart muscles (Fig 1).
Mitochondrial proliferation was also present in hy-
pophysis, thyroid and liver. The brain showed corti-
cal necrosis with vascular proliferation, calcium de-
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Fig 2. Pedigree from Patient 3 (bottom) and products of PCR
amplification digested with restriction enzyme Apal (top). The
symptomatic patient (filled square) and the asymptomatic fe-
male carriers (circles) of A3243G mutation present two frag-
ments (177 and 117 bp) in addition to the original 294 bp frag-
ment. Maternal inheritance is evident.

position in the putamen and the globus pallidus. The
A3243G mutation was present in all tissues studied.

DISCUSSION

In our study, the A3243G mutation was identified
in patients who presented with stroke-like episodes
in addition to other classical symptoms of the MELAS
syndrome (Group 2, Table 1). The mutation was not
associated with ischemic stroke of undetermined ori-
gin in the absence of a typical MELAS phenotype.

Majamaa and colleagues' found the A3243G mu-
tation in 2/38 (6%) of patients aged 18-45 with occip-
ital infarcts in Finland. The two patients had clinical
features of mitochondrial disorders. Martinez-Fer-
nandez and colleagues® suggested that mitochon-
drial disorders might be responsible for up to 22-33%
of cryptogenic strokes in young patients but found

the A3243G mutation in only 1 patient (5.6%) who
had typical symptoms and signs of MELAS among 18
young patients with cryptogenic strokes or transient
ischemic attacks in the carotid or in the vertebrobasi-
lar territories. Therefore, in agreement with our find-
ings, the A3243G mutation has only been reported in
stroke patients with typical characteristics of MELAS.
Likewise, even though it has been suggested that
abnormal mitochondrial function might be involved
in migraine, the A3243G mutation was found neither
in patients with migraine without aura and maternal
history of migraine® nor in patients with migraine
with prolonged aura?®.

Once MELAS is suspected, family history, measure-
ment of lactate in blood and cerebrospinal fluid, cre-
atine kinase, MRI, muscle biopsy and genetic testing
contribute to confirm the clinical suspicion®?. All pa-
tients in Group 2 showed increased lactate levels in
blood and/or CSF. This finding is caused by impaired
oxidative metabolism, is nonspecific but is important
even though it varies in severity and may be absent
in some patients.

The modified Gomory — Trichrome stain, SDH and
COX reactions are crucial in diagnosis of oxidative
phosphorylation diseases®. RRFs, frequently found in
mitochondrial diseases®, were present in all muscle
biopsies in Group 2. RRFs in Gomori-Trichrome stain-
ing (Fig 1) represent proliferation of subsarcolemmal
and intermyofibrillar mitochondria with myofibril de-
generation. They also have mild accumulations of gly-
icogen and lipid®. Most RRFs also show increased SDH
reaction and decreased or absent COX reaction. In
patients in Group 2, these histological changes were
more frequent than ultrastructural abnormalities re-
ported in MELAS and other mitochondrial diseases®.

The A3243G mutation was present in blood leu-
kocytes in all patients in Group 2; in Patient 3, it
was also present in different tissues in postmortem
analysis, reflecting the systemic nature of the mito-
chondrial disorder. It is the most common mutation
described in MELAS but may be present in other
conditions such as Kearns-Sayre syndrome, progres-
sive chronic external ophthalmoplegia®®, pure mito-
chondrial myopathies and in maternally transmitted
diabetes mellitus and deafness®>. Conversely, cases
of MELAS mutations without RRFs in muscle biopsy
have been reported®.

Stroke-like episodes occur in more than 90% of
patients with MELAS but their pathogenesis is con-
troversial?. In general, symptoms in mitochondrial
disorders are related to involvement of tissues with
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Table 1. Subject characteristics.

Group 1 Group 2 Group 3
Number of subjects 14 3 20
Age (mean * standard deviation) 34+9.4* 24+8.8* 28+6.7*
Gender (M/F) 9/5 21 6/14
Clinical features
Stroke or “stroke-like” episodes -
Anterior circulation only 10 0
Posterior circulation only 3 0 -
Anterior + Posterior circulation 1 3x*
Migraine 3 2 4
Recurrent vomiting 0 2 0
Seizures 0 3 0
Encephalopathy 0 2 0
Diabetes mellitus 1 1 0
Muscle biopsy
RRF 3/3
SDH + 3/3
COX- - 3/3 -
“#mitochondria 2/3*
paracrystalline inclusions 0/3*
A3243G mutation 0 3/3 0

RRF, ragged red fibers; SDH+, succinate desidrogenase positive fibers; COX-, cytochrome C oxidase negative fibers;
*mean * standard deviation; **predominant posterior arterial territory involvement but not respecting arterial terri-

tory limits; - not performed; # not performed in one patient.

high oxidative metabolism. Stroke-like episodes may
be caused by energy failure due to mitochondrial
dysfunction in neural tissue?” or by “mitochondrial
angiopathy”, caused by mitochondrial dysfunction in
small cerebral blood vessels (ischemic hypothesis)®.
Chronic lactic acidosis in MELAS may also contribute
to promote further neuronal injury®.

Maps from DWI MRI images reveal decreased ap-
parent diffusion coefficients (ADCs) due to cytotoxic
edema in ischemic strokes. ADCs have been reported
to be normal®® or increased®? in stroke-like lesions.
Therefore, normal/increased ADCs in DWI sequences
and normal perfusion results may help to differenti-
ate stroke-like lesions from ischemic strokes. Howev-
er, ADC decrease has also been reported®. Increased
lactate in lateral ventricles, occipital and temporal
lobes have been reported in patients with MELAS.
Unfortunately, DWI and spectroscopy were not avail-
able at the time our patient with MELAS suffered
stroke-like episodes.

This study has some limitations. First, we have not
searched for other mutations that have been associat-
ed with the MELAS phenotype. Nonetheless, we have
screened patients for the A3243G mt DNA mutation,
reported in approximately 80% of cases of MELAS. In
addition, we searched for the T3271C mtDNA muta-
tion, described in about 10% of cases and previously

reported in Brazilian patients''. Therefore, we exclud-
ed detection of important mutations by blood screen-
ing. Second, in Group 1, ischemic stroke of posterior
arterial territory comprises only one third of the pa-
tients. It is possible that including patients with poste-
rior circulation infarcts might have increased the odds
of diagnosing MELAS in cryptogenic strokes. Still, in
patients in Group 2, lesions did not respect strict ar-
terial territory limits and involved brain regions from
anterior and posterior arterial territories. Our pur-
pose was not to investigate the value of screening
for MELAS mutations in cryptogenic strokes in the
posterior circulation territory, but in any cryptogenic
strokes. Third, muscle biopsy was not performed in
patients in Group 1. Therefore, biochemical analyses
of enzymatic activity of mitochondrial respiratory
chain complexes in muscle biopsies were not avail-
able. Heteroplasmia (the coexistence of normal and
mutant mtDNA in individual tissues and high variabil-
ity of mutation load in different organs) is frequent
in most pathogenic mtDNA mutations, including
the A3243G mutation®*?’. When the mutant mtDNA
reaches a critical level, cell phenotypes change from
normal to abnormal®. Mutant mtDNA levels are high-
er in muscle than in blood and therefore, mutations
present exclusively in muscle would have been missed
in patients in Group 1. However, the purpose of this
study was to evaluate non-invasive screening of mi-
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tochondrial mutations associated with MELAS in cryp-
togenic stroke in young adults and not the sensitiv-
ity of muscle biopsy over serum analyses. Fourth, we
searched for mutations in DNA isolated from blood
in nonsyndromic stroke patients but a recent study
has shown that sensitivity of genetic testing for mito-
chondrial DNA mutations is higher in nonmitotic than
in mitotic tissue®'. Further studies should probably in-
clude screening of mitochondrial mutations in urinary
sediment and cheek mucosa. Finally, the number of
patients in Group 1 was relatively small but crypto-
genic strokes in young patients represent only 0.2%
of all strokes In Brazil®.

Failure in diagnosing MELAS may hinder genetic
counseling, identification of asymptomatic mutation
carriers and treatment of presymptomatic or early-
stage disease with measures such as early diagno-
sis of cardiomyopathy, planning of anesthesia®? and
treatment of metabolic acidosis. There is no definite
clinical evidence favoring efficacy of treatment but
anedoctal improvements of stroke symptoms after
administration of L-arginine, coenzyme Q10 and oth-
er drugs have been reported® *,

MELAS must be considered in patients with cryp-
togenic strokes with other clinical characteristics of
this mitochondrial disorder. Classical criteria for this
disease specified that stroke-like episodes happen be-
fore the age of 40 however, the diagnosis has been
made even in the sixth decade or in the absence of
family history?, as in the presented patients. A ma-
ternal pattern inheritance should be sought. Systemic
symptoms are critical clues: migraine-like headaches,
recurrent vomiting, encephalopathy with seizures or
dementia, short stature and sensorineural hearing
loss, ataxia, cardiomyopathy, diabetes mellitus, reti-
nitis pigmentosa and proximal renal tubule defects.

Our preliminary results do not support the hy-
pothesis that screening for the A2343G and T3271C
mutations in DNA extracted from blood leukocytes
are useful to diagnose oligosymptomatic forms
of MELAS in these patients. We suggest that clini-
cal findings guide mitochondrial genetic testing in
stroke of undetermined origin in the young.
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