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optic atrophy and sensorineural deafness
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CoenzymeQ10 is one of the main cellular antioxidants and an essential lipid
involved in numerous cell reactions, such as energy production and apoptosis
modulation. A large number of enzymes are involved in CoQ10 biosynthesis.
Mutations in the genes encoding for these enzymes cause a CoQ10 deficiency,
characterized by neurological and systemic symptoms. Here we describe two
young sisters with sensorineural deafness followed by optic atrophy, due to a

novel homozygous pathogenic variant in PDSSI1. The visual system seems to be
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Introduction

Coenzyme Q10 (CoQ10) is involved in several essential
reactions, such as the production of ATP in the mito-
chondrial respiratory chain,’ the pyrimidine biosynthe-
sis> and it is also an important antioxidant,’ and
apoptosis modulator.* CoQ is composed of a quinone
ring, whose precursor is 4-hydroxybenzoate (4HB), and
a polyisoprenoid side chain that has a variable length in
different species (10 isoprenic units in humans-CoQ10).
PDSS1 and PDSS2 genes encode two proteins (DPS1
and DLP1) implied in the first step of CoQ10 synthesis
and consist of a heterotetramer, called decaprenyl
diphosphate synthase, involved in the synthesis of the
appropriate length chain. Subsequently, inside mito-
chondria, Coq2 connects a polyisoprenoid side chain to

mainly involved when the first steps of CoQ10 synthesis are impaired (PDSSI,
PDSS2, and COQ2 deficiency).

a benzoquinone ring that is then modified by a com-
plex of enzymes.’

CoQq deficiency causes a syndromic combination of neu-
rological symptoms, including visual and auditory impair-
ments, variably associated with cardiological and
nephrological involvement." The visual system seems to be
especially involved in PDSS1, PDSS2, or CoQ2 deficiency.® !

We here report on two sisters with prominent visual
and auditive involvement due to a novel homozygous
pathogenic variant in PDSSI. Pathogenic variants in this
gene were previously described in only two families.®’

Case Description and Results

This 16-year-old girl was born to consanguineous Egyp-
tian parents following an uneventful pregnancy. She is the
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Visual and Auditory Involvement in CoQ10 Defect

firstborn of four siblings; her 6-year-old sister suffered
bilateral sensorineural hearing loss. Her motor develop-
ment was described as normal, with independent walking
acquired at 15 months, but a severe language delay was
noticed. At the age of 4 years, a profound bilateral sen-
sorineural hearing loss was found and treated with an
externally powered prosthesis. After the prosthesis appli-
cation, the girl was able to speak simple sentences,
whereas verbal comprehension difficulty persisted. Later
on, a mild intellectual disability was diagnosed.

When 14-year-old she was referred to our department
for evaluation of a progressive visual loss. Family history
revealed a paternal recurrence of glaucoma. At 11 years of
age her visual acuity was reported as normal, while on
ophthalmologic examination at 14 years, her visual acuity
was 1/10 bilaterally. At the Ishihara tables, dyschromatop-
sia on a red-green axis was also reported. A normal direct
and consensual pupillary light reflex was noticed without
a relative afferent pupillary defect.

Fundus examination showed optic atrophy prevalent in
the inferior temporal sector, visual-evoked potentials
(VEP) documented an increase in latency and a reduction
in amplitude of the P100 waveform in both eyes. Optical
coherence tomography (OCT) revealed a bilateral reduc-
tion of the retinal nerve fiber layer (RNFL) thickness,
more evident in the temporal-inferior sector.

Neurological examination showed diffuse mild muscle
weakness with normal deep tendon reflexes and upper
limbs mild postural tremor. Brain MRI was normal. An
echocardiographic study showed a moderately dysplastic
mitral valve with moderate insufficiency, medium-grade
tricuspid insufficiency with indirect estimation of systolic
pressure in the pulmonary artery of 40 mmHg and mod-
erately dilated left atrium. Biotinidase, Alpha-Fucosidase,
and Alpha-Mannosidase activities were normal. Sanger
sequencing of OPAI, OPA3, and WFSI did not show
pathogenic variants. A whole-exome sequencing analysis
revealed a homozygous likely pathogenic missense variant
¢.735G > T in the PDSSI gene, never reported in the
public database GnomAD. This variant causes the amino
acid change p.GIn245His, in a highly conserved position
(98.5%, Fig. 1A). The variant lies in a long region of
homozygosity (12 Mb) and its segregation was confirmed
in her parents (I:1 and I:2). The analysis has been
extended to the patient’s siblings and confirmed the pres-
ence of the variant in homozygosity in the younger
affected sister (II:4); the unaffected sister (II:2) and
brother (II:3) was, respectively, homozygous wild-type
and heterozygous for the variant (Fig. 1). The affected sis-
ter, at the age of 6 years, developed a decrease in visual
acuity and a following ophthalmological examination
revealed an optic atrophy, with bilaterally pallor of the
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optic nerve head on the temporal sector at fundus exami-
nation, and divergent strabismus.

Discussion

PDSS1 defect has been described in three patients from
two families®” carrying three pathogenic variants in the
PDSSI gene, homozygous in one family and compound
heterozygote in the other (Table 1). The clinical picture
of the first two siblings described by Mollet and col-
leagues,” carrying a homozygous missense pathogenic
variant, was characterized by neurosensorial deafness,
optic atrophy, mild intellectual disability, muscular weak-
ness, and cardiac involvement consisting in mild to mod-
erate valvulopathy. Notably, in these cases, neurosensorial
loss preceded optic atrophy, like in our cases. In contrast,
Vasta and colleagues’ described a patient, carrying a mis-
sense and a truncating pathogenic variant in compound
heterozygosity, with a much severe phenotype character-
ized by leukoencephalopathy with a lactic acid peak on
spectroscopy, associated with a severe nephrotic syndrome
that caused kidney failure and death at the age of
16 months. Brain MRI was not performed in the first two
affected siblings, whereas it was normal in the older sister
of the present report.

While unusual in mitochondrial disorders, steroid-re-
sistant nephrotic syndrome (SRNS) is a hallmark of pri-
mary CoQI10 deficiency. However, SRNS has been
reported not only in infancy with a rapid progression but
also with onset in the first or second decade of life and
slow progression.®

Visual system involvement in CoQ10 deficiencies has
been reported only in the defect of the very first steps of
CoQ10 synthesis and it consists of optic atrophy, a com-
bination of optic atrophy and retinitis pigmentosa or
retinitis pigmentosa only in PDSSI, PDSS2, and COQ2
defect, respectively.® 2

Most inherited optic neuropathies are recognized as a
result of alterations in mitochondrial metabolism, espe-
cially when associated with sensorineural deafness. Cellular
energetic impairment related to CoQ10 deficiency and
other mitochondrial dysfunctions, may affect the visual
pathway from the retina to retrochiasmal structures.'’
PDSSI deficiency is a clinically heterogenous rare disorder
that deserves to be added to the differential diagnosis of
optic atrophy associated with sensorineural deafness. In
contrast to OPAI and OPA3 defects, the onset of sen-
sorineural deafness seems to precede the optic atrophy in
PDSS1, hallmarking this particular form. CoQ10 synthesis
defects should be deemed as treatable conditions and as
such should enter in the differential diagnosis of optic atro-
phy and sensorineural deafness, although ultrarare so far.
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A *

p.Gln245His S -255
Homo sapiens S -255
Pan paniscus S -255
Macaca mulatta S -255
Felis catus S -238
Canis lupus familiaris S -213
Bos taurus S -252
Equus caballus S -244
Loxodonta africana S -200
Oryctolagus cuniculus S -263
Mus musculus S -237
Vombatus ursinus S -132
Ornithorhynchus anatinus S -217
Alligator mississippiensis S -202
Ophiophagus Hannah S -164
Xenopus laevis S -252
Nothobranchius kuhntae S =272
Danio rerio S -241
Lygus hesperus Al -228
Bactrocera latifrons S -300
Hydra vulgaris 192 - EHIYK ST MeLVEKDDI DOR-212

E; 1 2

Figure 1. Global alignment of PDSS1 protein sequences from a wide range of eukaryotes (A). Amino acid residues with a percentage of
conservation ranging between 70.0% and 79.9% are highlighted in light gray, those between 80.0% and 94.9% are highlighted in dark gray
and those between 95.0% and 100% are highlighted in black. The percentage of conservation was calculated on 184 protein sequences.
Pedigree of the affected family (B).*flags the residue mutated in the present case.
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Table 1. Clinical features of the previously published patients with PDSST pathogenetic variants.

Mollet
et al
Mollet et al 2007° 2007° Vasta et al 20127 Present case (1) Present case (2)
PDSS1 variants €.924T7> G €.924T> G p.Asp308Glu) homozygous  ¢.661C>T c.735G>T
Ref Seq NM_014317.5 (p.Asp308Glu) (p.Arg221Ter) p.GIn245His
homozygous c.1108A> C homozygous
(p.Ser370Arg)
compound
heterozygous
€.735G> T p.GIn245His
homozygous
Sex/age at examination M 22y F 14y Death at 16 months F 14y F 6y
Developmental impairment Mild intellectual Mild Developmental delay Mild intellectual Mild intellectual
disability intellectual disability disability
disability
Brain MRI ND ND Leukoencephalopathy/lactic Normal ND
acid peak on spectroscopy
Lactic acidosis + + ND - -
Macrocephaly + + ND - —
Failure to thrive - - + - -
Peripheral neuropathy + + ND — —
Muscular involvement + + ND + +
(weakness/exercise
intolerance)
Sensorineural deafness + + ND + +
Optic atrophy + + ND + +
Cardiac valvulopathy + + ND +
Obesity/livedo reticularis + + ND — -
Nephrotic syndrome — — + - —
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