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We report clinicopathological findings of a patient with
mitochondrial encephalopathy, lactic acidosis, and stroke-
like episodes/Leigh syndrome (MELAS/LS) associated
with a novel m.3482A>G mutation in MT-ND1. A
41-year-old woman had experienced multiple stroke-like
episodes since age 16. She developed akinetic mutism
two months before admission to our hospital. Neurological
examination revealed akinetic mutism, bilateral deafness,
and muscular atrophy. Cerebrospinal fluid tests revealed
elevated pyruvate and lactate levels. Fluid-attenuated
inversion recovery images on magnetic resonance imaging
showed hyperintense areas in the right frontal and both
sides of temporal and occipital lobes, both sides of the stri-
atum, and the midbrain. Muscle biopsy revealed strongly
succinate dehydrogenase-reactive blood vessels. L-arginine
therapy improved her consciousness and prevented further
stroke-like episodes. However, she died from aspiration
pneumonia. Postmortem autopsy revealed scattered
infarct-like lesions with cavitation in the cerebral cortex
and necrotic lesions in the striatum and midbrain. The
patient was pathologically confirmed as having MELAS/
LS based on two characteristic clinicopathological findings:
presenting MELAS/LS overlap phenotype and effective-
ness of L-arginine treatment.

Key words: L-arginine, Leigh syndrome, MELAS, mito-
chondrial encephalopathy, MT-ND1 gene.

INTRODUCTION

Mitochondrial encephalopathy, lactic acidosis, and stroke-
like episodes (MELAS) (OMIM #540000) is a neuromus-
cular syndrome. Approximately 80% of MELAS patients
have an m.3243A>G in MT-TL1.1 Other mutations in
MT-TL1 and other transfer RNA genes, including MT-
TF, MT-TV, and MT-TQ, account for most of the
remaining patients.1 However, a small number of muta-
tions in the MT-ND subunit genes of complex I have also
been reported to cause MELAS, most notably in
MTND52 and to a lesser extent in MT-ND6.3 MELAS
associated with a mutation in MT-ND1 is very rare.

In contrast, Leigh syndrome (LS) (OMIM #256000) is
the most common pediatric presentation of mitochondrial
disease. This neurodegenerative disorder is genetically het-
erogeneous, and, to date, pathogenic mutations have been
identified in > 75 genes.4 Approximately 20% of LS patients
have a mutation in mitochondrial DNA. The most common
mitochondrial DNA in LS affects the MT-ATP6 gene.4 LS
associated with a mutation in MT-ND1 is also rare.

We report clinicopathological findings of a MELAS/LS
overlap patient with a novel m.3482A>G mutation in
MT-ND1.

CLINICAL SUMMARY

A 41-year-old woman had suffered from multiple stroke-
like episodes since she was 16 years old. She had noted
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progressive bilateral hearing loss in her 30s. The patient
was diagnosed as having juvenile cerebral infarction at
another hospital 25 years previously for which she
received oral anti-platelet drugs. She developed akinetic
mutism two months before admission to our hospital. She
had normal motor and psychiatric milestones until age 16.
The patient had no familial history of neuromuscular dis-
eases, diabetes, or deafness. On admission, she presented
with cachexia (body mass index: 14.2), and neurological
examination revealed akinetic mutism, bilateral deafness,
severe muscular atrophy, and exaggerated tendon reflexes
in all extremities with Babinski signs. Laboratory tests rev-
ealed an elevated serum creatinine level (1.8 mg/dL) with

normal serum levels of fasting blood sugar, HbA1c, pyru-
vate, and lactate. Cerebrospinal fluid tests revealed normal
cells, with elevated levels of protein (73 mg/dL), pyruvate
(1.67 mg/dL; normal range: 0.63–0.77 mg/dL), and lactate
(56.1 mg/dL; normal range: 13.7–20.5 mg/dL). Fluid-atten-
uated inversion recovery (FLAIR) images on magnetic
resonance imaging (MRI) showed hyperintense areas in
the white matter of the right frontal and both sides of tem-
poral and occipital lobes, both the striatum, the thalamus,
the midbrain, and the cerebellum (Fig. 1A-F). In addition,
multiple cystic changes were found in the cerebral cortices.
Their distribution did not correspond to the arterial perfu-
sion territory. Magnetic resonance spectroscopy (MRS)

Fig 1 Images of the brain MRI
and MRS and the muscle CT.
(A–F) FLAIR images on MRI
shows multiple hyperintense
areas in the frontal, temporal,
occipital, and parietal lobes, sym-
metrical striatum, thalamus, and
midbrain. Multiple cystic changes
are found in the left temporal,
occipital, and parietal lobes (D–

F). Their distribution does not
correspond to the arterial perfu-
sion. (G) MRS images show a
lactate peak in the right occipital
lesion. (H–M) Proximal-predom-
inant, diffuse muscular atrophies
are seen in muscle CT images.
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revealed a lactate peak in the right occipital lobe lesion
(Fig. 1G). Serial MRI and MRS images showed that sym-
metrical striatum lesions were found at least nine years
before admission, and a midbrain lesion was firstly noted
on admission (Fig. 1B). Proximal-predominant, diffuse
muscular atrophies were found in muscle computed
tomography (CT) images (Fig. 1H-M). Muscle biopsy of
the left biceps revealed moderate uneven muscular cell
diameter on sections stained with hematoxylin and eosin
(HE) (Fig. 2A). No ragged-red fibers (RRFs) were found
on sections stained with modified Gomori-trichrome
(Fig. 2B). Strongly succinate dehydrogenase (SDH)-
reactive blood vessels were evident by enzyme histochem-
istry (Fig. 2C). Enzyme histochmistry revealed no signifi-
cant alteration in cytochrome oxidase (Fig. 2D). Gene
analysis from the muscle revealed a novel m.3482A>G
mutation (p.E59G) in MT-ND1, which was not found in
the 200 health controls and not reported in the
MITOMAP database (http://www.mitomap.org/, accessed
August 2020) or in the mtSNP database (http://www.
mtsnp.tmig.or.jp/intsnp/index.html, accessed April 2020).

Based on the multiple stroke-like episodes and radio-
logical findings of the cerebral cortices, we clinically diag-
nosed the patient as having MELAS. Although she was in
the chronic phase of MELAS, oral L-arginine therapy
(0.5 g/kg/day)5,6 was initiated. The treatment was effective
for her symptoms, which was apparent because she could
reply to simple orders within four weeks after initiating
therapy. At that time, she was transferred to a chronic
hospital. Taurine or other supplements were not initiated.

The patient died from aspiration pneumonia five months
after the diagnosis. She had no stroke-like attacks of
MELAS for those five months. We obtained informed
consent for autopsy from her family and transferred the
patient’s body to the Center for Pathology, Aichi Medical
University.

PATHOLOGICAL FINDINGS

Macroscopic findings

An autopsy was performed 12 h after death. The patient’s
brain weighted 975 g before fixation. The brain was fixed
in 20% buffered formalin. Her brain after fixation showed
bilateral cerebral atrophy predominantly in the left occipi-
tal lobe (Fig. 3A) and cerebellar atrophy (Fig. 3B). The
gross appearance of her brainstem was almost normal
(Fig. 3B).

Microscopic findings

Histological examination was performed on 9-μm-thick
sections stained with hematoxylin amd eosin (HE) and
Klüver-Barrera. Multiple scattered infarct-like lesions with
cavitation were observed in the cerebral and cerebellar
cortices (Fig. 4A-E). Their distribution did not correspond
to the arterial perfusion territory. These pathological find-
ings were consistent with MELAS. In contrast, necrotic
lesions were observed both sides of the striatum (Fig. 4F,
G) and the midbrain (Fig. 4H, I). These necrotic lesions
were consistent with LS. Therefore, the patient had

Fig 2 Pathological findings of the mus-
cle biopsy specimens. (A) An HE-sta-
ined section shows uneven diameter of
muscle fibers. (B) A modified Gomori-
trichrome-stained section shows no
ragged-red fibers. (C) Enzyme histo-
chemistry for SDH reveals strongly
SDH-reactive blood vessels. (D)
Enzyme histochemistry for cytochrome
oxidase reveals no significant alteration.
Scale bars: 100 μm (A–D).
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Fig 3 Gross appearance on convex (A)
and basal (B) views of the autopsied
brain after fixation. The brain shows
bilateral cerebral atrophy predominantly
in the left occipital lobe, as well as cere-
bellar atrophy. The brainstem looks
almost normal. L, the left side.

Fig 4 Histological findings of the brain sections stained with HE. The right frontal (A, B) and left occipital (C, D) lobes as well as
the cerebellum (E) show scattered infarct-like lesions with cavitation, involving the cortex and white matter. Their distribution does
not correspond to the arterial perfusion territory. The right basal ganglia (F, G) and midbrain (H, I) show nfocal necrotic lesions.
Scale bars: 10 mm (A, C, F, H), 1 mm (E), 200 μm (I), 500 μm (B, D, G).
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pathologically confirmed MELAS/LS overlap. Calcifica-
tion in the basal ganglia was very mild (data not shown).
Aging pathology was very mild, as Braak stage I and AT8
stage I (data not shown).

DISCUSSION

This is the first report of a pathologically confirmed
MELAS/LS overlap patient with a novel m.3482A>G
mutation in MT-ND1. The patient showed two character-
istic clinicopathological features. First, both sides lesions
in the striatum and midbrain were seen on MRI. Second,
oral L-arginine treatment ameliorated her neurological
symptoms and prevented further stroke-like episodes.

The patient’s clinical course was typical of MELAS
with multiple stroke-like episodes. However, combined
symmetrical lesions in both sides of the striatum and mid-
brain were unique for MELAS. Clinically, parkinsonism,
dystonia, and other extrapyramidal signs were not
observed in her disease course.

In contrast, brainstem lesions in mitochondrial disease
are frequently caused by LS,4,7,8 and were also reported in
patients with Leber hereditary optic neuropathy (LHON)
plus syndrome8 or myoclonus epilepsy associated with
ragged-red fibers (MERRF).9 Combined brainstem and
striatal lesions were reported in a patient with LS.7 How-
ever, the clinical course and muscle biopsy findings of the
current patient were not typical of LHON or MERRF.
The clinical course of the current patient was unlike typi-
cal LS because LS usually presents subacute necrotizing
encephalopathy in infancy, and the median age at death is
just over two years. However, late-onset LS patients
(onset > 2 years) and a small number of adult-onset LS
patients have been reported.10 Their clinical characteristics
were atypical,10 and prognosis of late-onset LS was not
poor compared to that of early-onset LS.11

Previously several mutations in MT-ND1 are associated
with MELAS or LS. For a better understanding, we
reviewed the radiological findings of 21 patients with
MELAS or LS associated with MT-ND1 mutation, includ-
ing the current patient (Table 1).12–25 According to
Table 1, 11 patients presented with MELAS or LHON/
MELAS, and 10 patients with LS or Leigh-like phenotype.
Only one patient with early-onset LS having stroke-like
MRI findings was previously reported; however, postmor-
tem analysis was performed.20

Interestingly, five of 11 patients (45.4%) with MELAS
had additional LS-like radiological findings (Table 1). Stri-
atum lesions were found in two patients: one showed bilat-
eral lesions12 and the other had only left-sided lesions.19

Symmetrical midbrain lesions were reported in two
patients.13,20 However, combined striatum and brainstem
lesions were only seen in the current patient. These

patients, except for our patient, were diagnosed with
MELAS or LHON/MELAS; however, their LS-like radio-
logical lesions were not pathological confirmed.12,13,19,20

Pathological analysis in this patient revealed that
necrotic lesions were found in lesions of both sides of the
striatum and midbrain, and these findings were consistent
with LS. Thus, MELAS/LS overlap phenotype was patho-
logically confirmed in the current patient.

Although RRFs were frequently found in muscle
biopsy samples from MELAS patients, no RRFs were
observed in the current patient. In contrast, RRFs were
rarely seen in mitochondrial DNA-associated LS.26 More-
over, it was reported that no RRFs were observed in a
patient with MELAS/LS overlap.27 Therefore, we consid-
ered that no RRFs may be associated with LS overlap.

Another notable finding is that oral L-arginine supplemen-
tation ameliorated neurological symptoms and prevented fur-
ther stroke-like attacks in this patient, suggesting that the
therapy is effective for MELAS with the m.3482A>G muta-
tion. Previously, effectiveness of oral L-arginine therapy has
mainly been reported in MELAS patients with an
m.3243A>Gmutation.5,6 Our case suggests that the therapeu-
tic effect of oral L-arginine therapy should be confirmed for
patients withMELAS, regardless of themutation.

In summary, our clinicopathological findings indicate
that the m.3482A>G mutation in MT-ND1 caused a
MELAS/LS overlap phenotype, and that oral L-arginine
therapy may be effective for MELAS/LS patients with this
mutation.
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