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A novel tRNAY* mitochondrial DNA mutation causing MELAS
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Abstract

Mitochondrial encephalopathy, lactic acidosis and stroke-like episodes (MELAS) is the most common mitochondrial disease due to
mitochondrial DNA (mtDNA) mutations. At least 15 distinct mtDNA mutations have been associated with MELAS, and about 80% of the
cases are caused by the A3243G tRNA™"YYR) gene mutation. We report here a novel tRNAY mutation in a 37-year-old woman with
manifestations of MELAS, and compare her clinicopathological phenotype with other rare cases associated tRNAY* mutations.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Mitochondrial encephalomyopathy, lactic acidosis and
stroke-like episodes (MELAS) is, after Leber hereditary
optic neuropathy (LHON), the second most common mi-
tochondrial disease due to mitochondrial DNA (mtDNA)
mutations [1]. Although at least 15 distinct mtDNA
mutations have been associated with MELAS, about 80%
of patients harbor the A3243G tRNA""VYR) gene mutation
[2]. Mitochondrial disorders due to mutations in the tRNAYA!
of mtDNA are rare, but five heteroplasmic point mutations
have been associated with encephalomyopathies. The first
(G1642A) was identified in two unrelated patients with the
MELAS phenotype [3.,4]; the second (G1644T) in two
siblings with adult-onset Leigh syndrome (LS) [5]; the
third (G1606A) in two unrelated patients with a similar
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“complex” phenotype that included hearing loss, cataracts,
ataxia, myoclonus, and dementia [6,7]; and the fourth
(T1659C) in a patient with psychomotor developmental
delay and mental retardation, right hemidystonia, and mild
hypertrophic cardiomyopathy [8]. The fifth mutation
(C1624T) was homoplasmic and caused infantile and
fatal LS [9]. Here, we report a patient with MELAS, who
had a previously undescribed and apparently de novo G-to-A
mutation at nucleotide position 1644 in the tRNAY! gene.

2. Case report
2.1. Patient

A 37-year-old woman emigrated from China to the
United States in 2006. In 2007, she had a seizure and was
given phenytoin. Subsequently, she developed right tem-
poral headache, visual hallucinations involving insects, and
had 5 more generalized tonic—clonic seizures. At another
hospital, she showed aphasia, left hemiplegia and left
hemineglect. Brain MRI showed restricted diffusion and
T2 FLAIR hyperintensity in the right thalamus and temporal,
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parietal and occipital lobes, with contrast enhancement of the
adjacent meninges (Figs. | and 2). She refused a lumbar
puncture. She was given ceftriaxone 2 g IV and acyclovir
500 mg IV and as transferred to Columbia University
Medical Center. Her medical history included two sponta-
neous abortions and one successful pregnancy. She had had
no headaches, visual changes, hearing loss, vertigo, diabetes,
gastrointestinal problems, fever, chills, or weight loss. There
was no family history of neurological disease. Her mother is
alive and well, and one brother and five sisters do not have
any neurological signs or symptoms.

2.2. Examination

She was awake and oriented with a mild left hemiparesis
and hyperreflexia. CSF contents were normal. Continuous
EEG monitoring showed frequent runs of right posterior
hemisphere sharp waves. Levetiracetam was added with
good response. An MR spectroscopy of the right temporal
lobe showed a small lactate peak, decreased NAA, and
slightly increased choline (Fig. 3). Arterial lactate was
normal (0.7 mM/L; normal range:0. 5—1.6). A muscle biopsy

Fig. 2. Brain MRI. T1 weighted images after the administration of contrast
show scattered areas of irregular abnormal cortical enhancement in the
affected regions on the right side (arrows).

was performed to confirm the diagnosis. At the time of
discharge after a month-hospital stay, she still had the mild
left hemiparesis with hyperreflexia and normal speech.
Approximately a month later, she was readmitted for
episodic restlessness, anxiety, echolalia, profuse irrelevant
speech, possible visual and auditory hallucinations, and brief

Fig. 1. Brain MRI. A and B: Axial fluid attenuated inversion recovery (FLAIR) images show increased signal intensity and sulcal effacement involving a large
portion of the right medial occipital and parietal temporal regions. C and D: The diffusion-weighted image obtained in this patient shows increased cortical signal
(restricted diffusion) but decreased white matter signal (vasogenic edema). E and F: The corresponding apparent diffusion coefficient (ADC) maps confirm
slightly decreased diffusion in the cortex (ischemia and cytotoxic edema) as compared to the contralateral side. The subcortical white matter has increased

diffusion (non-restricted) consistent with vasogenic edema.
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Fig. 3. MR spectroscopy. Magnetic resonance spectroscopy obtained at a
TE value of 144 shows a small but definite lactate peak (circle) in the
sampled region of the right temporal lobe. The other metabolites specifi-
cally N-acetylaspartate (NAA) is slightly decreased, and choline (cho) is
slightly elevated.

episodes of unresponsiveness. Brain MRI showed no new
lesions, but a decrease in the previously noted FLAIR
hyperintensities. Continuous EEG monitoring during epi-
sodes of confusion and agitation was negative for seizure
activity. Her behavior improved with quetiapine and she was
discharged home. When last seen on a follow-up visit, her
behavior was normal and there was only a trace of left-sided
weakness.

3. Results
3.1. Morphology and biochemistry

Muscle biopsy showed sparse, mildly atrophic fibers by
conventional hematoxylin—eosin. Histochemical analysis
showed early signs of segmental mitochondrial proliferation
in 1% to 2% of myofibers, which was well documented by
succinate dehydrogenase (SDH) (Fig. 4A). In addition, strongly
SDH-reactive vessels (SSVs) were also observed (Fig. 4B). The
cytochrome ¢ oxidase (COX) histochemical stain revealed
varying degrees of COX deficiency in approximately 25% of
myofibers (Fig. 4C). Biochemical analysis showed normal
activities of respiratory chain complexes (data not shown).

3.2. DNA sequencing

Total genomic DNA was extracted from skeletal muscle
using standard protocols. After sequencing tRNA™ VYR the
gene most commonly involved in MELAS, the other 21
mitochondrial tRNA genes were amplified by PCR using
oligonucleotide primers designed with the Primer 3 program
(Whitehead Institute, MIT, Cambridge, MA). PCR fragments
were sequenced using the BigDye Terminator v3.1 Cycle

sequencing reaction kit and an ABI Prism 3130 Genetic
Analyzer (Applied Biosystems, Foster City, CA) and
sequences were compared to the revised Cambridge reference
sequence [10]. This sequence analysis revealed a G- to -A
transition at nucleotide position 1644 in the tRNA gene for
valine (Fig. 5). This site is highly conserved across different
species [11]. The mutation was absent in more than 500 control
mtDNAs. Single or multiple deletions of mtDNA were
excluded using long-range PCR methodology as described
previously [12]. Only a single band of 16 kb representing intact
mitochondrial DNA was observed on the gel indicating the
absence of mtDNA deletion.

3.3. PCR/restriction fragment length polymorphism
(RFLP) analysis

The level of G1644A heteroplasmy in the tRNAY was
determined by last hot cycle technique as described pre-
viously [13]. A 184 bp-fragment encompassing the site of
mutation was amplified. Polymerase chain reaction condi-
tions were 94 °C for 30 s, 55 °C for 30 s, and 72 °C for 30 s.
After 35 cycles, 4 pCi of o**P-dCTP (3000 Ci/mmol) was
added and a last cycle was performed. Aliquots (10 pl) of
PCR products were digested with 7SP 5091 restriction
enzyme overnight and electrophoresed on 15% non-
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Fig. 4. Muscle biopsy. The muscle biopsy shows a few ‘pre-ragged’ red
fibers (A. SDH, x200), SSVs (B. SDH, x200), and COX-negative fibers
(C. cytochrome ¢ oxidase, x200). These COX-negative fibers account for
roughly 25% of myofibers in the section.
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Fig. 5. DNA sequence analysis. The DNA sequence analysis discloses a
G- to -A transition at nucleotide position 1644 in the tRNAY" gene (arrow).

denaturing acrylamide gel. In the wild type, the enzyme cuts
the 184 bp-PCR product into two fragments, 164 bp and
20 bp. The G1644GA transition creates a new 7SP 5091
restriction site in the mutant PCR product, cutting the
164 bp-fragment into additional two fragments, 112 and
52 bp in length. The proportion of mutant mtDNA was
evaluated in a phosphoimager (Molecular Analyst; BioRad,
Hercules, Calif) using image-Quant software (Molecular
Dynamics, Sunnyvale, Calif). The mutation was hetero-
plasmic, and the patient harbored 85% mutant mtDNA in her
muscle (Fig. 6). To confirm pathogenicity, we intended to
perform single fiber PCR, but we ran out of muscle and
could not convince the patient to undergo a second biopsy,
not even a needle biopsy.

4. Comment

The young age of this patient at the time of stroke and
seizures together with radiographic findings raised the
possibility of MELAS [14,15], despite the lack of maternal
inheritance, normal arterial lactate level, and the small brain
MRS lactate peak. Muscle biopsy confirmed the clinical
impression of mitochondrial disease because it showed seg-
mental proliferation of mitochondria in a few fibers detected
by hyperintense SDH stain (“pre-ragged red” fibers), SSVs,
and COX-negative fibers. Muscle biopsies from most
MELAS cases, especially those associated with the most
common mutation, A3243G in the tRNALeuUUR) gene, have
COX-positive RRFs and SSV [16]. In contrast, the pre-RRFs
and SSVs in our patient were COX-negative, which made us
suspect that the putative mtDNA mutation might not be the
common A3243G. In fact, we did find a novel heteroplasmic
mutation in the tRNAY! gene (G1644A). This mutation may
lead to a conformational change of the tRNAY?! and result in
a faulty translation of the mitochondrial genome either directly
or by altering the splicing of 12S and 16S ribosomal RNAs,
which “bracket” the tRNAY [5]. Our patient had no known

maternal family history of neurological diseases, which may
indicate that the new mutation occurred de novo. Unfortu-
nately, due to adamant lack of cooperation on the part of this
patient, we could not verify the presence of the mutation in
easily accessible non-muscle tissues, such as leukocytes or
urinary sediment. To date, five point mutations in the tRNA""!
gene have been associated with mitochondrial encephalo-
pathy. Two patients with the G1642A mutation had typical
MELAS [3,4]. Two other unrelated patients with the G1606A
mutation had a complex but similar phenotype characterized
by severe and early hearing loss, cataracts, myoclonus, ataxia,
and dementia [6,7]. A third mutation (T1659C) was found in a
young woman, who had psychomotor delay in childhood and
later developed hemiplegia, dystonia, and mild hypertrophic
cardiomyopathy [8].

A fourth mutation (G1644T) caused adult-onset LS in two
siblings with a history of maternal inheritance [5]. This trans-
version mutation is of particular interest, because our pa-
tient had a transition mutation at the very same position
(G1644A). Although it is puzzling that two mutations at the
very same mtDNA site should result in different clinical
phenotypes, the muscle biopsy findings in our patient and in
two siblings with LS showed similar changes [5]. Both lacked
typical ragged-red fibers by Gomori trichrome, while occa-
sional fibers showed peripheral enhancement of SDH activity.
COX-negative fibers were 11% and 13% of all fibers in the
LS cases, and 25% in our patient. Notably, however, SSVs
were not described in the patients with LS. SSVs are char-
acteristically found in mitochondrial encephalomyopathies
[17,18], including MELAS, and can affect not only skeletal
muscle but also brain and intestinal vessels [19-21]. This
focal and segmental proliferation of vascular mitochondria
in MELAS is thought to be a compensatory reaction to the

M P C U

184 bp (uncut band)
—
- - 164 bp

!

e 112 bp

L

' S2bp

Fig. 6. RFLP analysis. RPLP analysis of DNAs from a normal control and
the patient. In the patient’s DNA, the G1644A mutation creates an additional
Tsp5091 restriction site, resulting in two additional fragments, 112 and 52
base pair in length. The proportion of mutant mtDNA in the patient is 85%.
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respiratory chain dysfunction, which has been well document-
ed at autopsy by histochemical and immunohistochemical
COX deficiency [22,23]. Correspondingly, radiologic studies
have indicated breakdown of blood—brain-barrier (BBB)
[24,25], a finding also supported by our patient’s diffusion-
weighted MRI abnormalities (Figs. 1 and 2).

In conclusion, we found a novel heteroplasmic mtDNA
mutation, associated with MELAS. Transfer RNAY? muta-
tions are rare, but should be considered when the typical
changes of MELAS muscle pathology, such as COX-
positive RRFs, are not evident and the more common
mtDNA mutations associated with MELAS are not found.

References

[1] DiMauro S, Hirano M. MELAS. In: Gene reviews at gene test: medical
genetics information resource [database online]. Seattle: University of
Washington. Available at: hhtp://www.genetics.org.

Hirano M, Kaufmann P, De Vivo DC, Tanji K. Mitochondrial neurology

I: Encephalopathies. In: Dimauro S, Hirano M, Schon EA, editors.

Mitochondrial Medicine. Andover Hampshire UK: Informa Healthcare;

2006. p. 27-44.

Taylor RW, Chinnery PF, Haldane F, Morris AAM, Bindoff LA, Wilson

J, Turnbull DM. MELAS associated with a mutation in the valine trans-

fer RNA gene of mitochondrial DNA. Ann Neurol 1996;40:459—62.

de Coo IFM, Sistermans EA, de Wijs 1J, Catsman-Berrevoets C, Busch

HFM, Scholte HR, de Klerk JBC, van Oost BA, Smeets HIM. A

mitochondrial tRNAY! gene mutation (G1642A) in a patient with

mitochondrial myopathy, lactic acidosis, and stroke-like episodes.

Neurology 1998;50:293-5.

Chalmers RM, Lamont PJ, Nelson I, Ellison DW, Thomas NH, Harding

AE, Hammans SR. A mitochondrial DNA tRNAVal point mutation as-

sociated with adult-onset Leigh syndrome. Neurology 1997;49:589-92.

Tiranti V, D’Agruma L, Pareyson D, Mora M, Carrara F, Zente L,

Gasparini P, Zeviani M. A novel mutation in the mitochondrial tRNA

(Val) gene associated with a complex neurological presentation. Ann

Neurol 1998;43(1):98-101.

[7] Sacconi S, Salviati L, Gooch C, Bonilla E, Shanske S, Dimauro S.
Complex neurologic syndrome associated with the G1606A mutation
of mitochondrial DNA. Arch Neurol 2002;59:1013-5.

[8] Blakely EL, Poulton J, Pike M, Wojnarowska F, Turnbull DM, McFarland
R, Taylor RW. Childhood neurological presentation of a novel mito-
chondrial tRNA(Val) gene mutation. J Neurol Sci 2004;225:99-103.

[9] McFarland R, Clark KM, Morris AA, Taylor RW, Macphail S, Lightowlers
RN, Turnbull DM. Multiple neonatal deaths due to a homoplasmic
mitochondrial DNA mutation. Nature Genet 2002;30:145-6.

[10] Anderson S, Bankier AT, Barrell BG, de Bruijn MH, Coulson AR,
Drouin J, Eperon IC, Nierlich DP, Roe BA, Sanger F, Schreier PH,
Smith AJ, Staden R, Young IG. Sequence and organization of the
human mitochondrial genome. Nature 1981;290:457—65.

[2

—

3

[t}

—
~
flaet

[5

=

[6

=

[11] Sprinzl M, Hartmann T, Weber J, Blank J, Zeidler R. Compilation of
tRNA sequences and sequences of tRNA genes. Nucleic acids Res
1989:r1-172 (suppl).

[12] Bender A, Krishnan KJ, Morris CM, Taylor GA, Reeve AK, Perry RH,
Jaros E, Hersheson JS, Betts J, Klopstock T, Taylor RW, Turnbull DM.
High levels of mitochondrial DNA deletions in substantia nigra neu-
rons in aging and Parkinson disease. Nature Genet 2006;38(5):518-20.

[13] Moraes CT, Cacci F, Sylvestri G, Shanske S, Sciacco M, Hirano M,
Schon EA, Bonilla E, DiMauro S. Atypical clinical presentations as-
sociated with the MELAS mutation at position 3243 of human mito-
chondrial DNA. Neuromuscul Disord 1993;3:43-50.

[14] Hirano M, Ricci E, Koenisberger MR, Defendini R, Pavlakis SG,
DeVivo DC, DiMauro S, Rowland LP. MELAS: an original case and
clinical criteria for diagnosis. Neuromuscul Disord 1992;2(2):125-35.

[15] Hirano M, Pavlakis SG. Mitochondrial myopathy, encephalopathy,
lactic acidosis and stroke like episodes (MELAS): current concepts.
J Child Neurol 1994;9(1):4—13.

[16] Hays AP, Oskoui M, Tanji K, Kaufmann P, Bonilla E. Mitochondrial
neurology II: myopathies and peripheral neuropathies. In: DiMauro S,
Hirano M, Schon EA, editors. Mitochondrial Medicine. UK: Informa
Healthcare; 2006. p. 45-74.

[17] Matsuoka T, Hasegawa H, Nonaka I. Strongly succinate dehydrogen-
ase-reactive blood vessels (SSV) in various neuromuscular disease.
Rinsho Shinkeigaku 1992;32(6):645-7.

[18] Hasegawa H, Matusoka T, Goto Y, Nonaka I. Strongly succinate
dehydrogenase-reactive blood vessels in muscles from patients with
mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke-
like episodes. Ann Neurol 1991;29:601-5.

[19] Tanji K, GamezJ, Cervera C, Mearin F, Ortega A, de la Torre J, Montoya
J, Andreu AL, DiMauro S, Bonilla E. The A8344G mutation in
mitochondrial DNA associated with stroke-like episodes and gastro-
intestinal dysfunction. Acta Neuropathol (Berl) 2003;105(1):69-75.

[20] Ohama E, Ohara S, Ikuta F, Tanaka K, Nishizawa M, Miyatake T.
Mitochondrial angiopathy in cerebral blood vessels of mitochondrial
encephalopathy. Acta Neuropathol (berl) 1987;74:226-33.

[21] Mizukami K, Sasaki M, Suzuki T, Shiraishi H, Koizumi J, Ohkoshi N,
Ogata T, Mori M, Ban S, Kosaka K. Central nervous system changes in
mitochondrial encephalomyopathy: light and electron microscopic
study. Acta Neuropathol (Berl) 1992;83:449-52.

[22] Tanji K, Kunimatsu T, Vu TH, Bonilla E. Neuropathological features
of mitochondrial disorders. Semin Cell Dev Biol 2001;12(6):429-39.

[23] Betts J, Jarost E, Perry RH, Schaefer AM, Taylor RW, Abdel-All Z,
Lightowlers RN, Turnbull DM. Molecular neuropathology of MELAS:
level of heteroplasmy in indivual neurons and evidence of extensive
vascular involvement. Neuropathol Appl Neurobiol 2006;32:359—73.

[24] Yoneda M, Maeda M, Kimura H, Fujii A, Katayama K, Kuriyama M.
Vasogenic edema on MELAS: a serial study with diffusion-weighted
MR imaging. Neurology 1999;53:2182—4.

[25] Ohshita T, Oka M, Imon Y, Watanabe C, Katayama S, Yamaguchi S,
Kajiyama T, Mimori Y, Nakamura S. Serial diffusion weighted
imaging in MELAS. Neuroradiol 2000;42:651-6.


http://www.genetics.org

	A novel tRNAVal mitochondrial DNA mutation causing MELAS
	Introduction
	Case report
	Patient
	Examination

	Results
	Morphology and biochemistry
	DNA sequencing
	PCR/restriction fragment length polymorphism (RFLP) analysis

	Comment
	References


