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Abstract

OPA | variants most frequently manifest phenotypically with pure autosomal dominant optic atrophy (ADOA) or with ADOA
plus. The most frequent abnormalities in ADOA plus in addition to the optic nerve affection include hypoacusis, migraine,
myopathy, and neuropathy. Hypertelorism and atrophy of the acoustic nerve have not been reported. The patient is a 48yo
Caucasian female with slowly progressive, visual impairment since childhood, bilateral hypoacusis since age 10y, and classical
migraine since age 20y. The family history was positive for diabetes (father, mother) and visual impairment (daughter). Clinical
examination revealed hypertelorism, visual impairment, hypoacusis, tinnitus, weakness for elbow flexion and finger straddling,
and generally reduced tendon reflexes. MRI of the cerebrum was non-informative but hypoplasia of the acoustic nerve bilaterally
was described. Visually-evoked potentials revealed markedly prolonged P100-latencies bilaterally. Acoustically-evoked poten-
tials were distorted with poor reproducibility and prolonged latencies. Muscle biopsy revealed reduced activities of complexes I,
II, and IV. Genetic work-up revealed the novel variant ¢.1463G>C in the OPAI gene. This case provides novel information
regarding the genotype of ADOA plus. The novel OPA! variant ¢.1463G>C not only manifests with visual impairment,
hypoacusis, migraine, and myopathy, but also with hypertelorisms and acoustic nerve atrophy.
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Introduction

Autosomal dominant optic atrophy (ADOA) is most frequent-
ly due to variants in the OPAI gene (Finsterer et al. 2018).
Variants in the OPA] gene causing ADOA have been first
described in 2000 by Delettre et al. (2000). OPAI encodes
for a mitochondrial GTPase involved in cristae structure and
mitochondrial network fusion (Gerber et al. 2017). OPA1 lo-
calises to the inner mitochondrial membrane and is essential
for assembly and stability of respiratory chain
supercomplexes, cristae organisation, sequestration of pro-
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apoptotic cytochrome-C-oxidase, and mtDNA maintenance
(Spiegel et al. 2016). OPAI variants secondarily lead to multi-
ple mtDNA deletions and a mosaic defect of COX (Hudson
et al. 2008). ADOA presents as pure ADOA without affection
of structures other than the retinal ganglion cells and the optic
nerve, or as ADOA plus, which presents as a multiorgan syn-
drome (Ham et al. 2019). ADOA plus occurs in 20-30% of the
patients carrying a OPA/ variant (Ahmad et al. 2015; Hudson
etal. 2008). The minimum prevalence of OPA -related ADOA
is 1:25000 (Spiegel et al. 2016). Here we present a patient with
ADOA plus due to the novel OPA! variant ¢.1463G>C.

Case report

The patient is a 48yo Caucasian female, height 175 cm, weight
57 kg, with a history of slowly progressive, visual impairment
since the kindergarten, bilateral hypoacusis since age 10y, and
classical migraine since age 20y, with a frequency of 9 attacks
per year. Her family history was positive for diabetes in her
father and mother. She gave birth to two children with an
oligohydramnion during her second pregnancy (Fig. 1). The
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older of the two girls suffers from visual impairment with
reduced visual acuity. She had one miscarriage. The family
history was negative for hypoacusis and migraine.

Clinical neurologic exam revealed hypertelorism, visual
impairment allowing her to watch television but not to read
the newspaper, hypoacusis bilaterally, bilateral tinnitus, weak-
ness for elbow flexion on the right side (M5-) and for finger
straddling bilaterally (M5-), and generally reduced tendon re-
flexes. There was no ptosis or ophthalmoparesis.

Creatine-kinase was 68 U/l (n, <145 U/l). Serum lactate
was 1.1 mmol/l and 0.6 mmol/l (n, 0.5-2.2 mmol/l). The
HbAlc value was 4.8%. Thyroid function parameters were
normal as well as serum levels of folic acid and vitamin
B12. Serum parameters for vasculitis were negative.
Investigation of the cerebrospinal fluid (CSF) at age 29y was
normal, including CSF lactate. X-ray of the temporal bone
was normal bilaterally. A CT scan of the cerebrum at age
43y was non-informative as well as high-resolution CT of
the temporal bone. MRI of the cerebrum was non-
informative but hypoplasia of the acoustic nerve bilaterally
was diagnosed. Visually-evoked potentials revealed a P100
latency of 158 ms on the left side and of 143 ms on the right
side. Pure-tone audiometry showed marked hypoacusis bilat-
erally. Acoustically-evoked potentials revealed distorted po-
tentials with poor reproducibility but prolonged latencies bi-
laterally. Work-up for cardiac involvement was negative.
Muscle biopsy revealed complete absence of complex-I activ-
ity and reduced activity of complex-II and complex-IV.
Genetic work-up by means of Sanger-Sequencing revealed
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Fig. 1 Pedigree of the described family
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the heterozygous variant ¢.1463G>C (p.Gly488Ala) in the
OPAI gene. This novel OPA1 variant is not enlisted in the
Exac and gnoAD databases.

Discussion

The presented case is interesting, since ADOA plus was due to
a previously undescribed OPA ] variant and since documented
hypoplasia of the acoustic nerve and hypertelorism have not
been reported in association with OPA[ variants. Reduced
activity of complexes I, II, and IV of the respiratory chain in
the present case suggests that the OPAI variant secondarily
caused multiple mtDNA deletions. Whether the variant was
inherited or de novo remain speculative since the parents of
the index case were investigated neither clinically nor genet-
ically. Conceivable is, however, that diabetes in either of the
parents represents a manifestation of an OPA] variant.
However, both did not present with other features of ADOA
or ADOA plus. This could be also due to non-penetrance or
reduced penetrance of the variant reported in 10-20% of the
OPA1 carriers (Spiegel et al. 2016). The detected variant af-
fects the guanosine triphoshatase domain and was predicted to
be disease causing by three prediction algorhythms (Mutation
Taster: Model: simple aae, prob.: 0.999999999930694.
Polyphen-2, HumVar possibly damaging with a score of
0.725, and PROVEAN as deleterious with a score —5.416).
Pure ADOA affects only retinal ganglion cells and the optic
nerve in form of visual disturbances and optic atrophy but
ADOA plus may additionally manifest with a number of other
abnormalities of the brain or other organs as listed in Table 1.
According to a recent review of 120 patients with ADOA plus
due to OPA! variants (Ham et al. 2019), the most frequent
abnormalities in ADOA plus among 120 patients include
hypoacusis, migraine, myopathy of ocular or limb muscles,
and neuropathy (Ham et al. 2019). There is significant hetero-
geneity in the frequency of specific exons involved between
pure ADOA and ADOA plus (Ham et al. 2019). Pure ADOA
patients tend to have more likely variants in exon 8 and 9
(Ham et al. 2019). ADOA plus patients, on the other hand,
tend to have more frequently variants in exons 14, 15, and 17
(Ham et al. 2019). Additionally, individuals with maternally
inherited OPA[ variants tend to have more frequently ADOA
plus (Ham et al. 2019), whereas paternally inherited OPA1
variants more frequently manifest as pure ADOA (Ham
etal. 2019). Consecutive generations may manifest with a less
severe phenotype or a delayed onset compared to previous
generations (negative anticipation) (Ahmad et al. 2015).
Occasionally, pure ADOA may be become a multisystem dis-
ease with progression of the disease, affecting not only the
brain and the eyes, but also the ears, heart, skeleton, and the
muscle (Table 1) (Liskova et al. 2013). Interestingly two
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Table 1 Clinical manifestations
of OPA 1 variants

Organ Manifestation Example reference

Brain Optic atrophy (Liskova et al. 2013)
Ataxia (Liskova et al. 2013)
Migraine (Liskova et al. 2013), current case
Intention tremor (Liskova et al. 2013)
Nystagmus (Liskova et al. 2013)
Cervical dystonia (Liskova et al. 2013)
Spastic paraparesis (Yu-Wai-Man et al. 2010)
Myoclonus epilepsy (Duvezin-Caubet et al. 2006)
Infantile-onset encephalopathy (Spiegel et al. 2016)
Failure to thrive (Spiegel et al. 2016)
Dementia (Carelli et al. 2015)
Parkinsonsim (Carelli et al. 2015)
Abnormal eye persuits (Spiegel et al. 2016)
Weak cry (Spiegel et al. 2016)
Dysdiadochokinesia, dysmetria, nystagmus (Nasca et al. 2017)
Atrophy of acoustic nerve [current case]
Central hypotonia (Spiegel et al. 2016)
Neurodevelopmental delay (Spiegel et al. 2016)
Elevated CSF lactate (Spiegel et al. 2016)
Thin corpus callosum, cerebellar atrophy (Nasca et al. 2017)
Necrosis of putamina (Nasca et al. 2017)

Eyes Cetnral visual loss (Ham et al. 2019)
Loss of retinal nerve fibers (Carelli et al. 2015)
Impaired colour vision (Ham et al. 2019)
Photophobia (Li et al. 2018)
Optic disc pallor (Lietal. 2018)
Reduced RNFL thickness on OCT (Pretegiani et al. 2017)
Dyschromatopsia (Nasca et al. 2017)
Centrocecal scotomas (Nasca et al. 2017)

Ears Hypoacusis (Liskova et al. 2013; Santarelli et al. 2015)

Heart Tachycardia, bradycardia (Liskova et al. 2013; Spiegel et al. 2016)
Hypertrophic cardiomyopathy (Spiegel et al. 2016)
Myocardial infarction (Spiegel et al. 2016)

GI tract Gastrointestinal reflux (Spiegel et al. 2016)
Vomiting (Nasca et al. 2017)
Hepatopathy (Nasca et al. 2017)

Nerves Neuropathy (Yu-Wai-Man et al. 2010)

Muscle Ptosis (Liskova et al. 2013)
Ophthalmoparesis (Liskova et al. 2013)
Myopathy (Amati-Bonneau et al. 2008; Spiegel et al. 2016)
Hypotonia (Nasca et al. 2017)

Skeleton Hypertelorism [current case]
Microcephaly (Nasca et al. 2017)
Pes cavus (Nasca et al. 2017)

CSF cerebrospinal fluid, G/ gastrointestinal, RNFL retinal nerve fiber layer, OCT optic coherence tomography
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variants of the OPAI gene in the same protein domain have
been described in patients with a OPA1-plus syndrome com-
plicated by parkinsonism and dementia (Carelli et al. 2015).

In the protein level the Amin acid exchange p.Gly488Ala
(p-G488R) has been previously described in two studies
(Carelli et al. 2015; Yu-Wai-Man et al. 2010). Despite the
identical amino acid exchange, the phenotype of the two fam-
ilies reported by Carelli et al. (2015) was different compared
to the phenotype of the present case. Features of Carelli’s
families not found in the present case included juvenile arterial
hypertension, anxiety disorder, ptosis, ophthalmoparesis,
Parkinsonism, tremor, dementia, and basal ganglia calcifica-
tion. Features not described in Carelli’s cases were migraine,
hypertelorism, and atrophy of the acoustic nerve. In Yu-Wai-
Man’s study (Yu-Wai-Man et al. 2010), 8 patients carrying the
variant c.1462A>G (p.G488R) were described.
Manifestations of these § patients not present in our case were
ataxia, ophthalmoparesis, and epilepsy (Yu-Wai-Man et al.
2010). These findings suggest that the phenotypic expression
of the amino acid exchange p.G488R manifests phenotypical-
ly with a broad range of different features.

Limitations of the case report are that it has not been inves-
tigated if the OPA [ variant ¢.1463G>C affected the replication
of the mtDNA and caused multiple mtDNA deletions, that the
index case has not been investigated prospectively for multi-
system disease, that other family members had not been clin-
ically and genetically investigated, and that no functional stud-
ies had been carried out to document the pathogenicity of the
variant.

Overall, this case provides novel information regarding the
genotype / phenotype correlation of the OPAI variant
¢.1463G>C. These findings warrant revised recommandations
concerning ADOA plus patients.
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