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ABSTRACT

Background: Leber hereditary optic neuropathy (LHON) and mitochondrial encephalopathy, myopathy,
lactic acidosis and stroke-like episodes (MELAS) syndromes are mitochondrially inherited disorders
characterized by acute visual failure and variable multiorgan system presentation, respectively.
Materials and methods: A 12-year-old girl with otherwise unremarkable medical history presented with
abrupt, painless loss of vision. Over the next few months, she developed moderate sensorineural hearing
loss, vertigo, migraines, anhedonia and thyroiditis. Ocular examination confirmed bilateral optic nerve
atrophy. Metabolic workup documented elevated cerebrospinal fluid lactate. Initial genetic analyses
excluded the three most common LHON mutations. Subsequently, Sanger sequencing of the entire
mitochondrial DNA (mtDNA) genome was performed.

Results: Whole mtDNA sequencing revealed a pathogenic heteroplasmic mutation m.13046T>C in
MTND5 encoding the ND5 subunit of complex I. This particular variant has previously been described
in a single case report of MELAS/Leigh syndrome (subacute necrotizing encephalopathy). Based on the
constellation of clinical symptoms in our patient, we diagnose the condition as LHON/MELAS overlap
syndrome.

Conclusions: We describe a unique presentation of LHON/MELAS overlap syndrome resulting from a
m.13046T>C mutation in a 12-year-old girl. In patients with sudden vision loss in which three of the
most prevalent LHON mitochondrial mutations have been ruled out, molecular genetic examination
should be extended to other mtDNA-encoded subunits of MTND5 complex |. Furthermore, atypical
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clinical presentations must be considered, even in well-described phenotypes.

Introduction

Leber hereditary optic neuropathy (LHON) and mitochondrial
encephalopathy, myopathy, lactic acidosis and stroke-like epi-
sodes (MELAS) syndromes are mitochondrially inherited diseases
characterized by acute vision loss and variable multiorgan system
presentation, respectively. Occasionally, vision loss in LHON may
have associated features, such as pre-excitation syndromes, per-
ceptual hearing loss or peripheral neuropathy, or may involve the
central nervous system with basal ganglia degeneration, a condi-
tion previously termed LHON plus.' However, only a limited
number of such cases have been reported. Interestingly, these
are geographically restricted and result from the three common
ND1, ND4 or ND6 subunit mutations.>> MELAS usually presents
with variable findings, ranging from oligosymptomatic to full
phenotypic expression as described by its acronym. The majority
of patients present with elevated cerebrospinal fluid (CSF) lactate,
a feature that is not found in LHON. In oligosymptomatic
MELAS, perceptual hearing loss, diabetes, migraines, psychiatric
disturbances and thyroiditis are findings that are frequently

observed (in approximately 75, 50, 25, 15 and 9% of patients,
respectively). Conversely, atrophy of the optic nerve resulting in
vision loss is present in less than 5% of cases and progresses slowly
over years to decades.”

In both disease processes, more than 95% of cases are
associated with three common mutations: m.11778G>A/
MTND4, m.3460G>A/MTNDI, m.14484T>C/MTND6 and
m.3243A>G/MTTL1, m.3271T>C/MTTLI, m.13513G>A/
MTND5, in LHON and MELAS, respectively. LHON/
MELAS or LHON/MELAS/Leigh overlap syndromes are rare
conditions that are often associated with uncommon mito-
chondrial DNA (mtDNA) mutations.” Here, we describe a
unique phenotype of LHON/oligosymptomatic MELAS over-
lap syndrome caused by a rare m.13046T>C mutation in the
ND5 subunit of complex 1.

Case report

A 12-year-old girl with an uneventful perinatal history pre-
sented with an abrupt, painless loss of vision in both eyes.
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Figure 1. Fundus photography and autofluorescence imaging. Pale optic discs in the right (A) and in the left (B) eye. Optic nerve drusen presenting as focal areas of

autofluorescent superficial deposits in the right (C) and in the left (D) eye.

One month later, she developed hearing loss, vertigo and
anhedonia. Since then, she has complained of migraine
attacks that did not respond to simple analgesics. A year
after developing visual symptoms, she presented with struma
due to incipient thyroiditis with a negative endocrine workup
but confirmed by ultrasound scanning.

One year prior to the onset of visual loss, the patient
underwent an ophthalmic examination. Her best corrected
visual acuity (BCVA) was 1.0 in both eyes. Two months
after the presentation, BCVA was reduced to 0.2 in the right
eye and 0.03 in the left eye (per outside clinic records). One
and a half years after the disease manifestation, the case was
referred to our tertiary care hospital for evaluation, and
BCVA was 0.125 in the right eye and 0.02 in the left eye.
Both optic nerves appeared pale (Figure 1A, B). As an addi-
tional finding, fundus autofluorescence images showed bilat-
erally hyperfluorescent optic nerve deposits (Figure 1C, D).
B-scan ultrasonography confirmed hyperechoic regions over
the optic nerve head consistent with a diagnosis of superficial
drusen. Standard automated perimetry (M-700, Medmont
International, Vermont, Australia) revealed severe bilateral
visual field loss (Figure 2A, B). Peripapillary retinal nerve
fiber layer (RNFL) measurements were acquired at a diameter
of 3.54 mm, targeted around the optic nerve using a spectral-
domain device (Spectralis, Heidelberg Engineering GmbH,
Heidelberg, Germany). RNFL loss confirmed the presence of
bilateral optic neuropathy (Figure 2C, D). Neither ptosis nor
ophthalmoplegia were observed. Visual evoked potentials
showed overall reduced amplitudes with prolonged P100
wave latencies bilaterally, confirming abnormal neural con-
duction along the visual pathways pronounced primarily in
the retrobulbar portion of the optic nerve. Hearing loss was

classified as moderate sensorineural (30 dB loss in the right
ear and 20 dB in the left ear). Electromyography, brain mag-
netic resonance imaging and cardiovascular examination did
not reveal any significant pathology.

Initial genetic analyses ruled out the most common LHON
mutations (m.11778G>A, m.3460G>A and m.14484T>C) in
mtDNA. Extensive metabolic workup documented only ele-
vated CSF lactate of 4.25 mmol/l (normal <2.1). Muscle
biopsy did not show myopathic or neurogenic changes.
Enzyme histochemistry revealed focal subsarcolemmal accu-
mulation of succinate dehydrogenase reaction product in up
to 5% of muscle fibers (Figure 3A). Cytochrome ¢ oxidase-
negative fibers were not observed; however, the reaction was
weakened focally (Figure 3B). These distinctive histological
findings indicate incipient mitochondrial myopathy in our
patient. Spectrophotometric analyses of specific activities of
respiratory chain complexes were conducted in isolated mito-
chondria from fresh muscle biopsies. There was a 50% reduc-
tion in the activity of complex I of the respiratory chain, while
activities of complexes II, III and IV were within the control
range. Furthermore, measurements of mitochondrial energy-
generating capacity in fresh muscle postnuclear supernatant
with various radiolabelled substrates indicated oxidative phos-
phorylation deficiency.

Mitochondrial DNA sequencing revealed a pathogenic het-
eroplasmic mutation m.13046T>C in MTND5 that encodes
the ND5 subunit of complex I. Quantification of mutational
load in examined tissue showed the following: urine sediment
71%, muscle 70%, hair follicles 44%, fibroblasts 40%, buccal
smear 34% and blood 27%. The mutation was not detected in
blood, urine sediment, buccal smear or hair follicles from the
patient’s asymptomatic mother and two younger brothers.
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Figure 2. Automated perimetry and retinal nerve fibre layer thickness measurements obtained at the age of 13.5 years. Visual field loss within the central 22°;
centrocaecal island extending to the nasal inferior region in the right eye (A) and small central island remains in the left eye (B). Reduction in retinal nerve fibre layer
thickness and loss of striation pattern in the right eye (C). Relative preservation of the nasal quadrant in the left eye (D).

These findings may result from extremely low mutation load
in analyzed tissues and/or the limited presence of the muta-
tion in the mother’s oocytes.

Discussion

We present a unique phenotype of LHON/MELAS overlap
syndrome caused by a rare mtDNA mutation m.13046T>C,
previously described in a single case report. The clinical pre-
sentation of sudden vision loss and characteristic changes on
ophthalmic examination are fully compatible with the diag-
nosis of LHON; furthermore, the patient’s elevated CSF lac-
tate, perceptual hearing loss, migraines and thyroiditis are

findings frequently associated with oligosymptomatic
MELAS. To the best of our knowledge optic nerve head
drusen detected in our patient have not been reported in
association with LHON and/or MELAS patients. Even though
we cannot exclude drusen as an incidental finding, their
possible  association with LHON  warrants further
investigation.

The disease-causing mutation m.13046T>C in the MTND5
encoding the ND5 subunit of complex I was previously
detected in a 13-year-old girl with a 2-way overlap syndrome
MELAS/Leigh who presented with abnormal gait, stroke-like
episodes and characteristic brain MRI imaging.® For mito-
chondrial disorders, it is not unusual for the same mutation
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Figure 3. In muscle biopsy, focal subsarcolemmal accumulation of succinate dehydrogenase reaction product (exemplified by arrows) was observed in 5% of muscle
fibers (A, succinate dehydrogenase histochemistry, original magnification x200). Cytochrome ¢ oxidase-negative fibers were not observed, nevertheless, the reaction
was weakened focally (B, cytochrome ¢ oxidase histochemistry, original magnification X200, exemplified by arrows).
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to result in different phenotypes. While several factors are
suspected to be responsible for mitochondrial disease mani-
festations, mutational load remains a hotly debated issue. In
our patient, we observed wide-ranging mutational load in
examined tissues, a finding that may suggest less compro-
mised mitochondrial function without the involvement of
the central nervous system. This hypothesis is supported by
the work of Blok and colleagues and Crimi and colleagues
who observed similarly high levels of heteroplasmy in exam-
ined tissues of patients with Leigh or MELAS/Leigh syn-
drome, respectively. Furthermore, these studies reported
mutations in close proximity to the pathogenetic variant
identified in our patient.”®

The amino acid substitution p.Met237Thr caused by the
mutation m.13046T>C is located in the loop of the highly
conserved domain of subunit ND5, the last and likely rate-
limiting component of complex I.” In the last two decades, an
increasing number of mutations have been identified in the
MTNDS5 related to mitochondrial disorders. Moreover, it has
been previously shown that MTND5 mutations become rela-
tively prevalent (27%) when the common mutations of mito-
chondrial disorders are excluded.” The most frequent
mutation in the MTND5 is m.13513G>A, which is usually
associated with MELAS or MELAS overlap phenotypes
including LHON/MELAS.'®"" The mutations m.3243A>G
and m.3271T>C both encode mitochondrial tRNA-leu.
Together, these three mutations are responsible for more
than 95% of MELAS cases. Three common mutations in the
ND1, ND4 and ND6 subunit account for approximately 95%
cases of LHON, although there are seven other mutations in
the genes encoding mitochondrial complex I that are respon-
sible for the development of this disorder.'” Nevertheless, only
rare cases of isolated LHON have been associated with
MTND5 mutations. Furthermore, it has been suggested that,
with MTND5 base changes, an extended phenotype can be
expected rather than a phenotype limited to visual
dysfunction.”

Vascular dysfunction appears to play an important role in
the ethiopathogenesis of mitochondrial disorders.
Microangiopathic changes accompanied by dramatic collec-
tions of abnormal mitochondria in both endothelial and
vascular smooth muscle cells were observed in cases of
LHON and MELAS; similar vascular changes also character-
ize Leigh syndrome."”™"” Vascular cell loss and blood-brain
barrier breakdown could result in multiple ischemic-like
lesions occurring in MELAS patients and vasculo-necrotic
damage affecting basal ganglia and brainstem in Leigh syn-
drome. In LHON patients, it was observed that the prelami-
nar non-myelinated portions of the optic nerve, that are
specifically damaged in LHON, are more energy-dependent
than the myelinated portions characterized by more efficient
saltatory conduction.'” Moreover, the optic nerve preceding
the lamina cribrosa is characterized by an altered blood-
brain barrier with non-specific vesicular permeability and
thus may be more susceptible to toxic damage.'® Thus, the
pathogenetic sequences that lead to LHON, MELAS and
Leigh syndromes may share a common microangiopathic
mechanism with varying degrees of central nervous system

involvement."> Within this spectrum, LHON would be con-
sidered rather a mild disorder, as it is limited to the optic
nerve. However, we cannot exclude future progression to
Leigh syndrome in our patient, and thus, regular magnetic
resonance imaging is recommended.

Here, we have described a unique phenotype, overlap syn-
drome of LHON and oligosymptomatic MELAS, associated
with a rare m.13046T>C mutation in the ND5 subunit of
complex I. In cases of vision loss suspected to be due to a
mitochondrial disorder, after ruling out the three most com-
mon pathogenic changes, mutations in other subunits of
complex I must be considered.
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