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Autosomal-dominant progressive external ophthalmoplegia type
1 (adPEO1) is characterized by slowly progressive ophthalmo-
plegia. It can be caused by mutations in different genes, includ-
ing the mitochondrial DNA polymerase y (POLG), which
results in heterogeneous clinical phenotypes associated with pro-
gressive external ophthalmoplegia, including myoclonic epi-
lepsy," parkinsonism,” and ataxia® (Table 1). Other additional
features may include premature ovarian failure and hypogo-
nadism.> POLG mutations causing adPEO1 can have both
autosomal-dominant or -recessive inheritance traits.* Dystonia
has been observed in patients with POLG mutations,” ’ how-
ever, to our knowledge, not in adPEO1. Here, we describe the
first adPEO1 patient attributed to a POLG mutation showing

dystonia as the presenting and core clinical feature.

Case Presentation

A 22-year-old Caucasian female with Italian ancestry and medi-
cal history of secondary amenorrhea, with normal motor and
cognitive development until 15 years of age, when she began to
experience progressive abnormal twisted and sustained posture
of the right arm, hand, and foot, is presented. In the next
6 months, she developed diplopia, dysarthria, and dysphagia.
Four months later, she was progressively unable to feed, dress
or toilet herself, and unable to walk without assistance because
of the progression of dystonia and the development of axial
ataxia. The full clinical picture developed in a l-year period.
Her family history was remarkable for scoliosis in her younger
sister, maternal aunt, and maternal grandmother, who had

scoliosis for more than 10 years without showing walking prob-
lems or dystonic features. The patient’s mother had a slight stra-
bismus. The maternal grandfather and great-grandfather both
presented a dystonic syndrome involving the legs and neck as
well as difficulty in swallowing in their fifties. A family tree is
offered as Supporting Information.

On physical examination, the patient revealed cerebellar dys-
arthria, severe horizontal and vertical external ophthalmoparesis,
esotropia, slight left ptosis, and asymmetric facial muscle weak-
ness. Hemidystonia on the right side, predominantly in the
upper limb, was noted with right plantar extensor response, clo-
nus, and hyper-reflexia. Tandem walk was impossible and assis-
tance was needed for walking because of severe trunk and gait
ataxia. Fundoscopy was unremarkable and visual acuity was nor-
mal. Cognitive and psychiatric status were normal. She had sco-
liosis; however, no cataracts, pes cavus, hearing impairment,
parkinsonism, sensory loss, muscle atrophy, or visceromegaly
were present. Brain MRI revealed slight cerebellar atrophy and
decreased signal in the globus pallidus, SN, dentate nucleus, and
red nuclei on fluid-attenuated inversion recovery (FLAIR) and
T2-weighted sequences (Fig. S2). Initial lab workup showed
normal creatine kinase, lactate, alpha-fetoprotein, vitamin E,
organic acids, thyroid hormones and antibodies, ceruloplasmin
levels, and urinary copper. Polymerase chain reaction in cere-
brospinal fluid for Tropheryma whipplei was negative. Hex-
osaminidase A, sphingomyelinase, and beta-glucosidase were
negative. Niemann-Pick type C (NPC) was suspected after Fili-
pin stain performed on skin fibroblasts from the patient ren-
dered positive results. However, further studies ruled out this
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TABLE 1 Main disorders and clinical features caused by POLG mutations

Disorder Clinical Features

Autosomal-dominant progressive external
ophthalmoplegia

Ophthalmoplegia, myopathy, hearing loss, neuropathy, ataxia,
parkinsonism, depression, hypogonadism, ptosis, dysphagia, dysarthria,
and cataracts

Ophthalmoplegia, ptosis, myopathy, pes cavus, dysarthria, neuropathy, and
mitral valve dysfunction

Autosomal-recessive progressive external
ophthalmoplegia

Myoclonic epilepsy, myopathy, sensory ataxia

Mitochondrial DNA depletion syndrome 4A
(Alpers-Huttenlocher syndrome)

Mitochondrial DNA depletion syndrome 4B
(neurogastrointestinal encephalopathy)

Myoclonic epilepsy, neuropathy, and ataxia

Encephalopathy, failure to thrive, intractable epilepsy, visual
disturbances, ataxia, vomiting, and hepatic failure

Gastrointestinal dysmotility, intestinal pseudo-obstruction, abdominal
pain, cachexia, ophthalmoplegia, ataxia, neuropathy, myopathy,

hypotonia, seizures, and developmental delay

Childhood myocerebrohepatopathy spectrum

Developmental delay, myopathy, lactic acidosis, hearing loss, cyclic

vomiting, liver failure, renal tubular acidosis, and pancreatitis

Myoclonic epilepsy myopathy sensory ataxia
Ataxia neuropathy spectrum (MIRAS and SANDO)

Epilepsy, myopathy, and ataxia
Ataxia, neuropathy, dysarthria, ophthalmoplegia, epilepsy, hearing loss,

ptosis, myopathy, cognitive impairment, and depression

Other pure POLG disorders

Myoclonus, dystonia (torticollis, focal eyelid dystonia, limb dystonia),

parkinsonism, and chorea

MIRAS, mitochondrial recessive ataxia syndromes; SANDO, sensory ataxia, neuropathy, dysarthria, and ophthalmoplegia.

Figure 1 Filipin stain. Filipin stain was performed on skin fibroblasts from the patient, after culture in an low-density lipoprotein-en-
riched medium. All Filipin staining analyses included both positive controls (a cell line from an affected patient with NPC confirmed by
NPC1 gene mutation analysis) and negative controls (a cell line of wild-type fibroblasts). Cholesterol detection was conducted by using
Filipin dye (blue-green color), and cell nuclei were stained with propidium iodide. (A) Individual negative for Filipin staining. (B) Patient
with nuclear gene POLG mutation, showing an intense polarized staining in the region corresponding to the Golgi apparatus. (C)
Patient with an NPC disease diagnosis, showing an intense staining in a perinuclear localization corresponding to late endosomes and

lysosomes.

possibility given that oxysterols levels and NPC1 and NPC2
gene mutations were negative. Genetic testing for DYT1,
SCA1, SCA2, SCA3, and mitochondrial DNA (mtDNA) point
mutations and deletions for mitochondrial disorders (blood sam-
ple) proved negative.

A mitochondrial encephalopathy was suspected, and coen-
zyme Qqo, flavonoids, creatine, and vitamins C and E were
added, without clinical improvement. At the age of 16, tri-
hexyphenidyl was tried to treat dystonia, without symptomatic
relief after 3 months of treatment. Then, trihexyphenidyl was

stopped and levodopa therapy was started and escalated up to
1,000 mg/day with partial improvement of limb and axial dys-
tonia and gait. Physical activities in daily life and functional
capacity improvements after L-dopa introduction have been
unchanged and sustained for the last 6 years of follow-up.
Whole-genome sequencing (WGS), followed by Sanger
sequencing, was performed for the index patient at 22 years of
age and her parents. A heterozygous variant ¢.3436C>T in exon
21 of the POLG gene, which results in a missense
p.Arg1146Cys change, was detected. This mutation is consistent
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with a genetic diagnosis of adPEO1.* The same variant was also
detected in a heterozygous state in the patient’s mother. Com-
plete WGS analysis data are depicted in Table S1.

Discussion

The clinical phenotype of our patient with dystonia as the pre-
senting and core clinical feature expands the clinical spectrum of
adPEO1 associated with POLG mutations. Torticollis, focal eye-
lid dystonia, and limb dystonia have been previously described
in patients with other POLG mutationssq; however, it was not
reported in adPEO1 patients harboring POLG gene mutations.
Table 1 shows the main disorders and clinical features caused by
POLG mutations. Dystonia in our patient showed favorable and
sustained long-term response to L-dopa treatment, as was
reported in parkinsonism?® associated with POLG mutations.
However, improvement of dystonia with L-dopa was partial
even at a high dose, but allowed better functional capacity and
walking without assistance. Unfortunately, functional dopamin-
ergic imaging to evaluate nigrostriatal pre- or postsynaptic integ-
rity was not available, which might have clarified whether an
altered dopaminergic nigrostriatal pathway might explain some
improvement with 1-dopa. However, these studies are usually
normal in patients with dopa-responsive dystonia.’

Noteworthy is the oligo-symptomatic state of the patient’s
mother, who, although carrying the same heterozygous variant
as our index case, only expresses slight strabismus. This might
be explained because heterozygous mutations of the nuclear
gene, POLG, can produce an inactive form of the enzyme that
competes with wild-type pol-y. As a result, mtDNA replication
is impaired and error prone, allowing the introduction of point
mutations and/or deletions of mtDNA molecules or the pro-
gressive depletion of mtDNA copy number. The interplay
between mtDNA variants and mutations in nuclear genes may,
in part, explain the extremely high variation in mitochondrial
phenotypes. This phenomenon has been described for other
nuclear POLG mutations in which the phenotype is strongly
related to the downstream mtDNA effects in an individual
patient, so that mtDNA depletion results in an early-onset sev-
ere phenotype, whereas deletions are associated with a later-

. 10
onset disease.

Although in the index case the presence of
mutations in the mtDNA obtained from peripheral blood has
been ruled out, the evaluation of mtDNA mutations in muscle
is still pending.

It should be pointed out that the Filipin stain conducted to
rule out NPC presented a positive pattern, in that the stain was
present, but its subcellular distribution was very particular and
different from the one observed in individuals aftected by this
pathology. Usually, patients with NPC show an intense perinu-
clear staining corresponding to the location of the late endo-
somes and lysosomes (Fig. 1C). The intense stain observed in
the patient presented a subcellular localization suggesting a loca-
tion in the Golgi apparatus (Fig. 1B). This finding, previously
unreported in patients with nuclear POLG mutations, could be
because cholesterol transport is affected by mitochondrial
dysfunction.!
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This case illustrates the phenotypic variability of POLG
mutations and poses the possibility that adPEOT1 attributed to
mutations in the POLG gene may be considered within the

crescent list of disorders inducing dystonia.
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Supporting Information

A video accompanying this article is available in the supporting
information here.

Figure S1. Pedigree of the reported patient. Pedigree of
family exhibiting a heterozygous variant ¢.3436C>T in exon
21 of the POLG gene, which results in a missense
p-Argl146Cys change. Affected individuals are indicated in
black, whereas subjects with symptoms who have not been

genetically tested are shaded in grayscale: in dark gray those
with a dystonic syndrome (I:1 and II:4) and in light gray those
with scoliosis (II:5, III:4 and IV:2), which does not seem to
be attributed to dystonia. The index patient (IV:1) is indicated
by an arrow.

Figure S2. Brain MRI. Brain MRI evidence of the slight
superior vermis atrophy (A) and the decreased signal in globus
pallidus, SN, red nuclei (B, C, E, and F), and dentate nucleus
(D) on fluid-attenuated inversion recovery (FLAIR) and T2-
weighted sequences, that might be normal, given that these
structures usually show high levels of iron.

Table S1. Whole-genome sequencing data

Video 1. The video was taken at age 22 years, while on -
dopa therapy for the last 6 years. Patient denied stopping L-dopa
for videotaping in the OFF condition. Video shows patient’s
severe horizontal and vertical external ophthalmoparesis, esotro-
pia, facial muscle weakness, trunk and right hemidystonia, and

marked gait ataxia.
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