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Abstract: Charcot-Marie-Tooth (CMT) constitutes a group of heterogeneous hereditary
motor and sensor neuropathies. Mutations in mitofusin-2 (MFN2) cause CMT type 2A by
altering mitochondrial fusion and trafficking along with the axonal microtubule system. In
literature patients presenting with CMT2A are reported as having a subacute onset of optic
atrophy associated with central scotoma and color vision defects. We report on the clinical
and genetic findings in a 40 years-old Caucasian woman presenting with CMT type 2A and
MFN2 mutation (c.2258duplT/p.Leu753fs) who presented bilateral progressive optic atrophy
with bilateral severe concentric narrowing of the visual field but normal visual acuity and
color vision. This is the first report that describes such phenotypical manifestation of an
MFN2 mutation suggesting that the molecular mechanisms underlying the mitofusin-2
function alteration at optic nerve need to be investigated further.
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Introduction

Charcot-Marie-Tooth diseases (CMT) are a group of clinically and genetically
heterogeneous rare disorders of the peripheral nervous system with a prevalence of
about 1:2500." Following neuropathological and electrophysiological criteria, CMT
is classified into two major subgroups, i.e. demyelinating CMT type 1 (CMT1), with
a severe reduction of nerve conduction velocities (NCV< 38 m/s), and axonal CMT
type 2 (CMT2), characterized by preferential degeneration of the axon, showing
amplitude reductions in NCV but only mildly reduced (>38 m/s) or even normal.
Mutations in mitofusin-2 (MFN2) are the primary cause of autosomal dominant CMT
form, referred also as CMT2A.>* During the last decades, CMT2A phenotypes
expanded to include white matter alterations, optic atrophy, hearing loss, tremor,
pyramidal signs, fatal acute onset encephalopathy, diaphragmatic weakness,* glau-
coma, or neutropenia® and severe scoliosis.” Repeated clinical observation of these
features has led to several specifically designated subtypes of CMT.® Literature data
show that optic atrophy in CMT2A has a subacute onset and patients develop central
scotoma and color vision defects; visual acuity becomes gradually low and fundus
examination shows pale optic disk; over the course of several years most individuals
experience recovery of visual acuity, color vision®’"!

We describe, for the first time, a CMT2A patient harboring a frameshift muta-
tion in MFN2 who presented a bilateral progressive optic atrophy, with a normal
visual acuity, normal color perception and bilateral severe concentric narrowing of
the visual field.
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Materials and Methods
A 40-year-old woman complaining of muscle wasting and
bilateral concentric narrowing of the visual field with optic
nerve atrophy of unclear etiology was examined. The patient
complained about the history of axonal neuropathy and optic
nerve atrophy of unclear etiology that began in adolescence.
She had trouble standing on her toes since her childhood. She
began to have multiple falls and these symptoms slowly
progressed over time and by the age of 18, she was transi-
tioned in a wheelchair. On admission, neurological examina-
tion revealed flaccid tetraparesis, more prominent on lower
limbs (involving both proximal and distal muscles), distal
severe impairment on both vibration and pinprick with absent
deep tendom reflexes at four limbs. Cognition was normal
(mini-mental state examination 29/30). Funduscopy showed
a pale optic disc, whereas macula, blood vessels, and periph-
eral retina appeared to be normal. Visual acuity was 20/20,
bilaterally and intraocular pressure was 14 mmHg. At that
time, computerized visual field exam (Zeiss Humphrey field
analyzer) showed generalized depression of retinal sensitivity
with a peripheral deep scotoma, and a central residue of about
20 degrees in the right eye and 10 degrees in the left eye
(Figure 1). These findings remained stable over time. Optical
coherence tomography (OCT) of retinal fiber thickness
(RNFL) Zeiss)

a reduction of the thickness of the nerve fiber layer especially

examination (OCT, Cirrus showed
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in the lower and temporal left quadrants (Figure 2A). Ganglion
cells OU analysis confirmed the reduction of the macular
ganglion cells especially in the temporal quadrants
(Figure 2B). Visual evocated potentials (VEPs) showed
a pattern with a slight increase in latency time and normal
voltage. Scotopic electroretinogram (ERG) showed normal
voltages in RE, mild reduction in LE; photopic ERG showed
mild reduction in both eyes. Ishiara color plate testing scored
normal value. Retinal angiography did not show vascular
alteration. Risk factors for optic neuropathy such as smoking,
alcohol abuse, and other social and personal habits were
excluded. Serum blood tests (including glucose level, vitamin
B12, and folate levels, immunoglobulin, autoantibodies, para-
neoplastic markers, renal and liver function tests, thyroid
function) and heart functions were normal. An electrophysio-
logical assessment with electromyography (EMG) and motor
and sensory nerve conduction studies was performed at the
four limbs and documented a severe axonal sensory neuro-
pathy. Electrophysiologically, the sensory action potentials
could not be recorded in both the median and peroneal nerves,
while the motor nerve studies documented severely decreased
amplitude of motor action potential, more prominent distally
and in the peroneal nerves. Electromyography revealed
a pattern of chronic denervation without fibrillation or fasci-
culation in the four limbs muscles, more severe distally and at
lower limbs. The sural nerve biopsy confirmed the electro-
physiological findings, revealing a severe loss of myelinated
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Figure | Visual Field Analysis. Visual field analysis showed peripheral deep scotoma with a central residue of about 20 degrees in the right eye and 10 degrees in the left eye.
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Figure 2 Optical coherence tomography (OCT) exams. (A) OCT of ganglion Cells OU analysis showing reduction of the macular ganglion cells especially in the temporal
quadrants. (B) OCT of retinal fiber thickness (RNFL) examination (OCT, Cirrus Zeiss) showing a reduction of the thickness of the nerve fiber layer.

and unmyelinated fibers. Brain Magnetic Resonance (MRI)
showed some small subcortical white matter hyperintensities
of the vascular hypoxic base with no contrast enhancement.
Spectroscopic examination of the basal nuclei showed
a reduction of the N-Acetyl-aspartic acid and a moderate
increase of choline peak, as for neuronal and axonal suffering.
MRI of the spinal cord was normal. The electroencephalogram
showed rare high voltage bilateral temporal theta waves. The
total body positron emission tomography (PET) examination
was normal. 99mTc- (hexamethylpropyle amine oxime)
HMPAO scintigraphic examination of brain perfusion showed
a little reduction of perfusion of the left occipital lobe. Direct
gene testing of the OPA1 gene (MIM 165500) and of the
mitochondrial DNA mutations associated with Leber
Hereditary Optic Neuropathy (LHON, MIM 53 5000) as
well as sequencing of the whole mitochondrial DNA'? in
blood were all normal. The screening for MFN2 mutation
was performed resulting in the finding of a frameshift mutation
¢.2258duplT (p. Leu753fs) in exon 19.

Discussion

Monoallelic pathogenic variants in the MFN2 gene cause
two overlapping phenotypes: CMT2A and an autosomal
dominant optic atrophy disease. Mutated forms of MFN2
are all known to cause human disease with phenotypes such
as encephalopathy,” peripheral neuropathy,® and optic

atrophy.>” "' MFN2 is essential for the transport of mito-
chondria along axons such as for several other intracellular
pathways (i.e. cell cycle progression, maintenance of mito-
chondrial bioenergetics, apoptosis, and autophagy). In the
presence of MFN2 mutations, mitochondrial dynamics and
mobility are reduced’ thus affecting intra/intercellular dis-
tribution and holding a key role in mitochondrial axonal
transport, an important process for the extended neuronal
axons, especially peripheral nerves. To date, more than 100
pathogenetic mutations in MFN2 have been described,
resulting in the different neurological clinical spectrum,
ranging from hereditary neuropathies to more severe clin-
ical phenotypes. Pathogenic variants in MFN2 mainly man-
ifest as dominant trait, though in a few sporadic or familial
cases, also biallelic or homozygous mutations have been
reported.’® Recently, an adult patient with pure sensory and
autonomic neuropathy sharing typical symptoms with late-
onset hereditary sensory autonomic neuropathy (HSAN),
further spectrum of MFN2-related
phenotypes,'* making it difficult a genotype-phenotype cor-

expanded the

relation since the same variant can be associated to varying
ages of onset of the disease and can cause different clinical
phenotypes even within the same family.'

So far, several cases of optic atrophy associated with
CMT2A have been reported in the literature: Ziichner et al
(2006)* described six CMT 2A families with a subacute
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onset of optic atrophy and the subsequent slow recovery of
visual acuity in 60% of the patients. Rouzier et al (2012)°
reported a large family with optic atrophy with onset in
early childhood resembling the autosomal dominant optic
atrophy ‘plus’ phenotype linked to OP41 mutations, asso-
ciated with axonal neuropathy and mitochondrial myopa-
thy in adult life. Bombelli et al (2014)'° reported three
more cases of CMT2A and optic atrophy, vocal cord palsy,
and auditory impairment. Leonardi et al (2015)"" described
a case of a 40 years old Caucasian male with CMT2A and
a heterozygous ¢.775C [T (p. Arg259Cys)] mutation in
MFN2 with an acute-onset optic neuropathy: the patient
complained visual deterioration over the entire visual field
with a rapid progression within a few hours without sig-
nificant ocular pain. Ando et al (2017)® described a large
case study on 1334 unrelated Japanese patients/families
with clinically suspected CMT and reported that four
patients with MFN2 mutations showed CMT2A with
optic atrophy. El Hattab et al (2018)® reported MFN2-
related autosomal dominant optic atrophy in 12 individuals
from a three-generation family. Interestingly, in all the
described reports, contrary to our case, MFN2-related
optic atrophy typically started during early childhood and
presented as vision impairment, central scotomas, and
color vision deficiency. Whereas in the case herein
described, a co-occurrence of chronic onset optic neuro-
pathy, with normal visual acuity, no impaired color vision,
but severe concentric narrowing of the visual field was
found. Previously, the same mutation ¢.2258duplT
(p- Leu753fs) in MFN2 identified in our case, was found
in a 73-year-old patient with symmetric distal weakness,
increased distal paresis of the legs but not optic

atrophy.®!!

The p.Leu753fs mutation results in five
amino acids longer protein at the C-terminus, probably
affecting the dimerization of MFN2 which starts the
tethering of fusing mitochondria. These findings suggest
that MFN2 alteration hampers mitochondrial dynamics
thus

distribution.'” Correct mitochondria functioning as well

and  mobility'® affecting  intra/intercellular
as spatial and temporal distribution along nerves is funda-
mental for ATP provision and are crucial for visual

activity.

Conclusion

In conclusion, the present case describes a CMT2 patient
manifesting optic atrophy and severe bilateral concentric
narrowing of the visual field, further expanding the allelic
heterogeneity of mutations in MFN2. Our report showed that

the molecular mechanisms related to mitofusin-2 function
need to be investigated better to offer further insights into
the pathophysiology of optic neuropathy.
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