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Abstract

Mutations in the mitochondrial tRNAMet gene have been reported in only five patients to date, all of whom presented with mus-
cle weakness and exercise intolerance as signs of myopathy. We herein report the case of a 12-year-old girl with focal epilepsy since
the age of eight years. At age 11, the patient developed sudden visual disturbances and headaches accompanied by recurrent, stroke-
like episodes with lactic acidosis (pH 7.279, lactic acid 11.6 mmol/L). The patient frequently developed a delirious state, exhibited
regression of intellectual ability. Brain magnetic resonance imaging revealed high-intensity signals on T2-weighted images of the left
occipital lobe. Mitochondrial gene analysis revealed a heteroplasmic m.4450G > A mutation in the mitochondrial tRNAMet. The
heteroplasmic rate of the m.4450G > A mutation in blood, skin, urinary sediment, hair, saliva, and nail samples were 20, 38, 59,
41, 27, and 35%, respectively. The patient’s fibroblast showed an approximately 53% reduction in the oxygen consumption rate,
compared to a control, and decreased complex I and IV activities. Stroke-like episodes, lactic acidosis, encephalopathy with brain
magnetic resonance imaging findings, and declined mitochondrial function were consistent with mitochondrial myopathy,
encephalopathy, lactic acidosis, and stroke-like episodes (MELAS) syndrome. To our knowledge, the findings associated with this
first patient with MELAS syndrome harboring the m.4450G > A mutation in mitochondrial tRNAMet expand the phenotypic spec-
trum of tRNAMet gene.
� 2019 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Mitochondrial DNA (mtDNA) mutations are associ-
ated with various mitochondrial disorders; over 600
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disease-associated mtDNA point mutations have been
reported to date [1]. Mitochondrial myopathy,
encephalopathy, lactic acidosis, and stroke-like episodes
(MELAS) syndrome is one of the most frequent mater-
nally inherited mitochondrial disorders [2]. Eighty per-
cent of patients with MELAS syndrome have an A-to-
G substitution at nucleotide 3243 in MT-TL1 encoding
tRNALeu in the mtDNA [3]. Rare mutations in other
lsevier B.V. All rights reserved.
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Fig. 1. Brain computed tomography (A) and fluid-attenuated inver-
sion recovery magnetic resonance imaging (B–D) images of the patient.
A) there was a high-intensity signal in the bilateral dorsal putamen,
which is predominant on the left side at the eight years-old, B) there
was no significant findings at the eight years-old, C) note left occipital
lesion with high signal intensity, whose distribution does not conform
to vascular territories at the 11 years-old, D) the putamen, caudate
lesion, and cerebral cortex atrophy progressed at the 12 years-old.
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mitochondrial genes reported to cause MELAS syn-
drome include MT-TL2 encoding tRNALeu(CUN), MT-

TK encoding tRNALys, MT-TH encoding tRNAHis,
MT-TQ encoding tRNAGln,MT-TF encoding tRNAPhe,
MT-TV encoding tRNAVal, MT-ND1, MT-ND4, MT-

ND5, and MT-ND6 encoding subunits of complex I;
MT-CO2 and MT-CO3 encoding subunits of complex
IV; and MT-CYB encoding a subunit of complex III
[3]. Since point mutations in the mtDNA are associated
with diverse phenotypes, genotype-phenotype correla-
tions are imprecise. Individuals who carry the same
mutation often have diverse disease presentations, and
different mutations within the same tRNA gene can dif-
fer in both clinical symptoms and severity [4].

The five pathogenic mutations in MT-TM encoding
tRNAMet reported to date are m.4403G > A [5],
m.4409T > C [6], m.4415A > G [7], m.4437C > T [8],
and m.4450G > A [9]. Phenotypes of patients with
MT-TM mutations were muscle weakness and exercise
intolerance as signs of myopathy; however, none of
the patients had the MELAS phenotypes. We herein
describe the first patient with the m.4450G > A muta-
tion in MT-TM who exhibited the MELAS phenotype,
including stroke-like episodes, headache, epilepsy, and
intellectual disability.

2. Case presentation

The patient was a 12-year-old girl born to noncon-
sanguineous parents. Her maternal family members,
including the mother, had no symptoms associated with
mitochondrial diseases. Her delivery was uneventful,
and her development and growth were normal until
eight years of age, at which time she suffered from sud-
den visual disturbance and a cluster of generalized onset
tonic-clonic seizures. She became unconscious and was
admitted to our hospital. Although routine laboratory
test results were normal, including serum lactate and
pyruvic acid (1.8 and 0.09 mmol/L; normal range 0.4–
1.8 and 0.003–0.1 mmol/L, respectively), lactate and
pyruvic acid levels in the cerebrospinal fluid were ele-
vated (7.2 and 0.3 mmol/L; normal range 1.5–2.3 and
0.07–0.09 mmol/L, respectively). Bilateral basal ganglia
calcification was observed by brain computed tomogra-
phy (Fig. 1A), but there were no abnormal brain mag-
netic resonance imaging (MRI) findings (Fig. 1B). Her
academic achievement declined, and her intelligence
quotient was assessed as 60 on the Wechsler intelligence
scale for children-IV.

At the age of 11, the patient complained of blurry
vision in left side and had lactic acidosis (pH 7.279, lac-
tic acid 11.6 mmol/L). Brain MRI on T2-weighted
images, fluid-attenuated inversion recovery, and
diffusion-weighted imaging showed high-intensity sig-
nals at gyrus through cortex to subcortex in the left
occipital lobe (Fig. 1C). These findings suggested
stroke-like attacks, and then edaravone and L-arginine
were infused. Two days later, despite persistent right
homonymous hemianopsia, her visual acuity improved
to counting fingers. Although consciousness was
restored, there was occasional relapse of intermittent
conjugate gaze deviation to the right. Electroen-
cephalography revealed repetitive 5-Hz sharp waves in
the left occipital areas (Supple. Fig. 1). At the time of
her hospital discharge on day 14, the right homonymous
hemianopsia had disappeared, and her eyesight
improved; however, her vocabulary and comprehension
levels were worse than before admission.

At the age of 12, the patient frequently developed a
delirious state, exhibited regression of intellectual abil-
ity, and suffered from frequent headaches. Focal epi-
lepsy was treated with carbamazepine and
levetiracetam. Muscle weakness, short stature, cardiac
dysfunction, hearing loss, or peripheral neuropathy
was not observed. Brain MRI showed the putamen
and caudate lesion and the progression of cerebral atro-
phy (Fig. 1D).

Stroke-like episodes, lactic acidosis, and
encephalopathy with brain MRI findings were consis-
tent with MELAS syndrome. After informed consent
was obtained from the patient and her family and link-
able anonymizing, mitochondrial whole genome
sequencing was performed, which revealed 44 benign
or non-pathogenic polymorphism. The study was
approved by the ethics committee of Jichi Medical
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University and Kanagawa Children’s Medical Center.
Among these polymorphism, only the m.4450 G > A
mutation was identified as a possible pathogenic muta-
tion in tRNAMet. The other 43 single nucleotide poly-
morphisms (SNPs) were reported as benign or non-
pathogenic variants [1] (Supple. Table 1). The Sanger
sequencing for MT-TM were performed using PCR
products from liner range of PCR cycle. Heteroplasmic
rate of the m.4450G > A mutation were semi-
quantitatively calculated by the comparison for chro-
matographic areas; blood, skin, urinary sediment, hair,
saliva, and nail samples were 20, 38, 59, 41, 27, and
35%, respectively (Fig. 2). The heteroplasmic rate were
confirmed by a ratio of the read number with this muta-
tion over the total read number by MySeq (Illumina,
San Diego, CA, USA). The oxygen consumption rate,
measured with an extracellular flux analyzer (Seahorse
XF96; Agilent, Santa Clara, CA, USA), revealed a
53% reduction in the respiration rate of the patient
fibroblasts compared to the control. Analysis of the cul-
tured fibroblasts for respiratory chain enzyme activity
levels revealed decreased complex I and IV activities
(16.0 and 8.0% of the control; Supple. Table 2).

3. Discussion

We presented the first case of a patient with MELAS
harboring the pathogenic m.4450G > A mutation in
mitochondrial tRNAMet from several tissues. She exhib-
ited declined mitochondrial function; reduced oxygen
consumption rate, and diminished respiratory chain
complex enzyme activity levels. The mitochondrial
whole genome sequencing detected m.4450G > A muta-
tion as the only possible pathogenic mutation among the
44 identified SNPs (MITOMAP). Highest mutation rate
of 59% was observed in the urinary sediment [10]. Inva-
sive muscle biopsy was not performed because the
patient had no muscle weakness or exercise intolerance.
Fig. 2. Direct sequencing of MT-TM gene. A sequencing chromatogram of th
control sample and in the blood, fibroblast of skin, urinary sediment, hair, n
To our knowledge, mutations in the MT-TM gene
encoding tRNAMet were reported in five cases to date
[5–9] (Table 1). Except for the current patient, all
patients with a mutation in the MT-TM gene had
myopathy but not a neurological phenotype. Muscle
biopsies showed mostly mitochondrial abnormalities,
but COX-negative fibers were present in some cases.
The biochemical consequences of the mutations also dif-
fered among the reported cases. Patient 3 [7] (Table 1)
with two mutations in the MT-TM and COX III genes,
had muscle weakness, lactic acidosis, and autoimmune
polyendocrinopathy type 2. Because two mutations co-
existed, the clinical relevance of either mutation could
not be determined. It is possible that patient 4 [8] could
have developed the MELAS phenotype, eventually
because of the presence of epilepsy and hearing disabil-
ity. Patient 5 [9] with the m.4450G > A mutation, the
same mutation harbored by the current patient, had
myopathy but no neurological phenotype. The only fea-
tures patient 5 and the current patient had in common
were mild intellectual disability and reduced complex I
and IV activity levels. The mutation load of patient 5
was 67% in muscle samples, and the single-fiber PCR
using COX-negative fiber ratio was >90%, suggesting
a strong muscle phenotype and the pathogenicity by
the m.4450G > A mutation. The current patient with
the m.4450G > A mutation load of 59% in urinary sed-
iment at the most manifested the MELAS phenotype
but did not exhibit myopathy or other organ dysfunc-
tions. This may be explained by threshold effects in dif-
ferent organ and we speculate that the mutational load
was high in the affected central nervous system lesions
in the current patient [11]. Moreover, the
m.4450G > A mutation was previously described in a
patient with splenic lymphoma [12] who did not have
muscle or neurological symptoms, and the potential link
between the m.4450G > A mutation and lymphoid pro-
liferation remains unclear.
e MT-TM gene shows the heteroplasmic m.4450G > A mutation in the
ail, and saliva from the patient.



Table 1
Reported patients with mutations in the MT-TM gene encoding tRNAMet.

Cases 1 2 3 4 5 The present case

References Peverelli et al. [5] Vissing et al. [6] Bortot et al. [7] Tang et al. [8] Born et al. [9]

Base change
(MT-TM)

m.4403G > A m.4409 T > C m.4415A > G
m.9972A > G in COX III gene

m.4437C > T m.4450G > A m.4450G > A

Clinical features

Onset (years), sex 56, female 10, girl 10, NA 13, girl 10, girl 8, girl
Muscle weakness Yes Yes Yes Yes Yes No
Epilepsy No No No Yes No Yes
Stroke-like episode No No No No No Yes
Intellectual disability No No No No Yes Yes
Others NA Short stature Autoimmune

polyendocrine syndrome 2
Hearing loss NA NA

Laboratory data

Creatine kinase (U/L) 600–700 NA Normal NA Normal 38
Lactic acid (mmol/L) 0.5 1.9 11.4 Lactic acidosis 5.3 11.6
Brain MRI Moderate global

cortical atrophy
Normal Normal NA Normal High-intensity signal

in left occipital lobe

Respiratory chain enzyme activity level

Complex I Slightly decreased NA 1.15 (3.09 + 1.15) NA 0.02 (0.19–0.54) 16%
Complex II Normal NA 0.05 (0.07 + 0.02) NA 0.34 (0.24–0.50) 54%
Complex III Normal NA 0.02 (0.05 + 0.02) NA 0.53 (0.72–2.14) 66%
Complex IV Normal NA 0.02 (0.2 + 0.1) 23% 0.1 (2.2–5.0) 8%
Citrate synthase Mildly increase NA 27.9 (14.48 + 3.86) NA 1002 (127–477) 66%

Muscle biopsy

Ragged-red fiber Yes Yes Yes NA NA NA
COX-negative 40% variable 50% 93% NA 90% NA

Mutation load

Muscle 63% 77% 99% NA 67% NA
Blood NA 8% 0% Homoplasmy NA 20%
Skin NA NA 2% NA 10% 38%
Urinary sediment NA NA 5% NA NA 59%
Hair NA 0% 0% NA NA 41%
Saliva NA NA NA NA NA 35%
Nail NA NA NA NA NA 27%

MRI, magnetic resonance imaging; COX, cytochrome c oxidase; NA, not available.
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In conclusion, we reported one patient with MELAS
phenotype and the m.4450G > A mutation in the MT-

TM gene appears to be associated with the MELAS
phenotype.
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