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Abstract Pathogenic mutations in the OPAI gene can be
associated with Autosomal Dominant Optic Atrophy
(ADOA). In approximately 20 % of patients with OPA1
mutations, a more complex neurodegenerative disorder
with extraocular manifestations, known as ADOA Plus, can
arise. 12 members of a multigenerational family were
assessed clinically and screened for a genetic mutation in
OPAI. Eight family members displayed manifestations
consistent with ADOA Plus and four did not. Affected
members of the oldest available generation displayed the
most severe phenotype, which included severe optic atro-
phy, deafness, ptosis, ophthalmoplegia, proximal myopa-
thy, neuropathy and ataxia. The next generation was less
severely affected but several members displayed manifes-
tations only after the fifth decade. Genetic analysis
revealed a heterozygous variant in the OPAI gene
(c.1053T>A, p.Asp351Glu) that segregated with disease.
The affected family members described here exhibited
visual loss later than is typical for OPA1-related disease, as
well as later onset of other neurological abnormalities in
the fifth or sixth decades of life that progressed to severe
neurological disability by the seventh decade. These
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findings expand the clinical spectrum of OPAIl-related
disease associated with a novel OPAI mutation.
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Introduction

Optic Atrophy 1 (OPA1) is a dynamin-related protein of the
large GTPase superfamily that locates to the inner mito-
chondrial membrane and is integral for mitochondrial
structure and function [1-3]. Mutations in the OPAI gene
have largely been associated with autosomal dominant optic
atrophy (ADOA; OMIM 165500), which is typified by
atrophy of the retinal ganglion cells [4, 5]. This neuro-oph-
thalmic degeneration typically manifests with early onset
(first decade) insidious bilateral visual loss (defects in colour
vision and paracentral scotomas) and an absence of
extraocular symptoms. For a subset of OPAI mutations
(~20 %), ADOA is accompanied by sensorineural hearing
loss in the first decade, with subsequent onset of peripheral
manifestations such as progressive external ophthalmople-
gia, ptosis, myopathy, peripheral neuropathy and ataxia,
leading to a syndromic disease sub-group known as ADOA
Plus (OMIM 125250) [1, 6]. To date, over 300 mutations in
OPAI have been identified and associated with ADOA and
ADOA Plus (http://mitodyn.org’/home.php?select_db=
OPA1) [7]. The majority of variants associated with ADOA
Plus are missense mutations confined to the GTPase domain
of OPA1, which is highly conserved across the dynamin
superfamily and requisite for molecular function. We
describe a novel heterozygous mutation in OPA] that is
predicted to disrupt the GTPase domain of OPA1 and is
associated with phenotypically variable ADOA Plus.
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Clinical background

12 members of the affected family were clinically examined
(Fig. 1a); six females and two males were found to be
symptomatic (Table 1; Fig. 1a). Family members underwent
a detailed neurological examination including brain magnetic
resonance imaging (MRI), nerve conduction studies (NCS),
electromyography (EMG), electrocardiography (ECG), opti-
cal coherence tomography (OCT) and auditory testing. The
family pedigree presentation was indicative of an autosomal
dominant mode of inheritance (Fig. 1a).

The proband (I1.9) developed her first clinical symptom
of bilateral visual loss in her fourth decade, which gradu-
ally progressed to legal blindness by her seventh decade.
Hearing loss was first noticed in her fifth decade, with an
ocular myopathy developing around the same time (-
Table 1). Further neurological problems including senso-
rimotor neuropathy, mild proximal myopathy and ataxia
only became evident when the patient was in her seventh
decade. At the time of examination, she demonstrated
severe visual loss, with bilateral visual acuity of 6/60. The
patient had moderate ptosis and a moderate to severe
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Fig. 1 (a) Multigenerational family pedigree showing patients
available for genetic testing (black outline symbol) and unavailable
for genetic testing (grey outline symbol). A novel heterozygous OPA]
mutation (c.1053T>A; half coloured symbols) was found to segregate
with disease symptoms (asterisk) that are consistent with autosomal
dominant optic atrophy Plus. Circles female, squares male, arrows
proband. (b) Sequencing electropherogram showing wild-type
sequence (upper trace) and representative novel heterozygous
OPAl c.1053T>A mutation (lower trace) from exon 11. (¢) The
novel mutation abolishes a restriction enzyme site for Mbol (enzyme
cut sites indicated by black vertical lines, site abolished by mutation
indicated by cross) and creates a banding pattern on agarose gel
electrophoresis that is indicative of mutation carriers (upper 242 bp
band unique to mutation carriers). Colours of fragments from the
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upper diagram are shown next to the respective digest fragment on
the agarose gel. —C = negative control, NTC = no-template control.
100 bp ladder shown. (d) The novel nucleotide mutation is predicted
to cause a p.Asp351Glu amino acid change to an evolutionarily
conserved residue (red outline) located within the G-box 1 motif (blue
outline) of the GTPase domain of OPA1. (e) Comparison of G-box 1
motifs from other dynamin-related protein superfamily members
shows that the aspartic acid at position 351 of OPA1 (red box) is not
conserved in the consensus motif of related proteins, suggesting a
structural rather than functional role for this amino acid in OPAI.
Upper sequences relate to mitochondria-associated proteins and the
lower sequences relate to other cellular proteins from the dynamin
superfamily
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generalised ophthalmoplegia. Upper and lower limb
examination revealed mild proximal weakness and sensory
disturbance in a ‘glove and stocking’ distribution. Deep
tendon reflexes were absent and her gait was unsteady and
mildly wide based.

Within the same generation, there were three other
similarly affected family members (II.1, II.4 and II.11).
Two of these patients developed visual loss from the fifth
decade, with the third experiencing childhood onset visual
loss (Table 1). Other neurological deficits progressed from
the fifth decade onwards (Fig. 2).

The third generation was found to be less affected, which
is likely to represent an age/expressivity correlation. These
patients generally developed mild visual and hearing loss in
their fourth decade (Table 1). However, one patient (111.20)
had childhood onset visual loss and subsequent ptosis.

All affected patients had optic nerve head pallor with an
increased cup to disc ratio, regardless of visual
acuity (Table 1).

Clinical investigation

The visual acuity in the second generation ranged from
6/7.5 to count fingers acuity, as compared with that of the
third generation, which ranged from 6/6 to 6/12. OCT of
the optic nerve was performed on all family members, with
affected patients showing markedly reduced average retinal
nerve fibre layer thickness, even when visual loss was
mild (Table 1). These measurements ranged from 45 to
70 pum, and were all below the third centile when compared
to age- and sex-matched controls. There was little differ-
ence between generations. Affected patients generally
showed an increased cup to disc ratio on OCT, ranging
from 0.56 to 0.86, when compared to non-affected family
members and normal population values.

Five of the eight affected patients underwent MRI of the
brain, with all patients showing optic nerve atrophy. There
were no other relevant abnormal findings. Six of the eight
affected patients had NCS and EMG. Two patients had
evidence of an axonal neuropathy on NCS, and four
patients had features of myopathy on EMG. None of the
patients had elevated serum lactate, pyruvate or creatine
kinase. Additionally, cardiological investigations were
normal for all patients examined.

Genetic investigation
Initial genetic screening of the OPAI gene in I1.4 and I1.9
(Fig. 1a) was outsourced to Centogene (Rostock, Germany).

A heterozygous nucleotide transversion (c.1053T>A; num-
bering according to NM_130837) (Fig. 1b) was screened for
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in available family members (Fig. 1a) by Sanger sequencing
of a420 base pair amplicon encompassing OPAI exon 11. The
mutation abolishes an Mbol restriction digest site creating a
banding pattern unique to mutation carriers on restriction
digestion agarose gel -electrophoresis (Fig. 1c). The
sequencing and restriction digest results confirmed segrega-
tion of the mutation with disease phenotypes (Fig. 1a, c).

The nucleotide change is predicted to alter the amino
acid sequence by substituting Glutamic acid for a highly
conserved Aspartic acid (p.Asp351Glu; protein numbering
according to UniProt entry ES5KLIJS5) located within the
G-box 1 motif of the OPA1 GTPase domain (Fig. 1d) [8].
In silico mutation prediction using Mutation Taster, Poly-
Phen 2 and SIFT Human Protein indicated the
p-Asp351Glu mutation would be ‘disease causing’, ‘prob-
ably damaging’ and ‘damaging’, respectively [9—11].
Although the Aspartic acid at p.351 is completely evolu-
tionarily conserved in OPA1 across species (Fig. 1d), the
affected residue is variable within homologous G-box 1
motifs of other dynamin-related proteins from Homo
sapiens (Fig. le). This is indicative of a highly important
structural role for Aspartic acid at this position in OPAI,
where it likely stabilises the functional G-box 1 motif,
which is known to be responsible for binding to and
coordinating the GTP molecule for subsequent hydrolysis,
a requisite for OPA1 molecular function.

Discussion

We report the identification of a novel heterozygous OPAI
mutation that is predicted to affect the GTPase domain of
OPAIl and manifests as ADOA Plus. The variable and
often delayed onset phenotypic manifestation and pro-
gression of ADOA Plus in the large pedigree described
here is at odds with the generally observed temporal phe-
notypic spectrum [6]. The family also provides an example
of the phenotypic heterogeneity and potential neurological
complications of OPA] mutations.

As multiple tissues are affected in the patients described
here, it is likely that the mutation exerts a dominant negative
effect on the wild-type allelic product. This would be con-
sistent with the majority of other ADOA Plus mutations and
with dominant negative influences observed in GTPase-
deficient dynamins [12]. Furthermore, disruption of the
G-box1 motif (Fig. 1d) has been shown to disrupt GTPase
activity required for proper OPAT1 function [13, 14]. Due to
the complete conservation of Aspartic acid at the affected
position in OPAL1 across species (Fig. 1d) and the precise
spatial requirements for GTP (and Mg”") binding, coordi-
nation and subsequent hydrolysis by the GTPase domain,
the predicted amino acid change appears sufficient to dis-
rupt the structure of the OPA1 GTPase domain.
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Fig. 2 (a) Patient I1.4 developed symptoms in his first decade of life, later progressing to ptosis, progressive external ophthalmoplegia, hearing
loss and ataxia. (b) Fundus photograph of affected patient demonstrating optic nerve head pallor and an increased cup to disc ratio

The clinical features of the family described are rela-
tively unique, in being particularly late onset for the
majority of those affected. The largest collection of ADOA
Plus patients, described by Yu-Wai-Man et al., displayed
visual loss in the first and second decades followed by
hearing loss in the second and third decades and other
neurological abnormalities from the third decade onwards
[6]. In our cohort, only two of the eight patients had visual
loss in the first decade of life. The remaining six did not
become visually symptomatic until they were in their
fourth or fifth decades (Table 1). Whilst there have been
cases of late-onset visual loss in OPA1 patients, including a
patient in her seventh decade, this observation is unusual
and divergent from the large majority of ADOA/ADOA
Plus cases [15]. In the late-onset patients described herein,
hearing loss often occurred concurrently with visual loss.
Notably, some features including neuropathy and gait
ataxia did not manifest until patients were in their seventh
decade. The basis of the atypical phenotypic presentation
in this family is unclear. Other genetic and environmental
factors may play a role in modulating the disease pro-
gression and next-generation sequencing may provide rel-
evant information.

OCT was markedly abnormal in all symptomatic
patients and may be useful as a screening tool in pre-
symptomatic/early stage patients who have not yet devel-
oped decreased visual acuity and where genetic testing is
not available. With increasing evidence that OPAI muta-
tions can lead to a multisystemic disorder of variable onset,
with neurological complications potentially arising decades

after the onset of visual loss, ADOA patients may benefit
from regular neurological screening by way of clinical
examination and diagnostic investigations.
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