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ATP13A2 mutations have been implicated in juvenile parkinsonism
(PARK9) and neuronal ceroid lipofuscinosis [1]. Recently, association
with complicated hereditary spastic paraplegia (HSP) and an amyo-
trophic lateral sclerosis-like phenotype have been reported [2,3].

We describe two siblings from a non-consanguineous Chilean family
with no Ashkenazi ancestry, affected by an intermediate phenotype
combining parkinsonism and HSP. Mutation screening identified two
mutations in ATP13A2 in both patients. A literature review of patients
with prominent HSP is provided.

The index patient is a 23-year-old man with delay in motor and
language milestones, who presented with instability while running at
age 14 years, and soon after presented progressively dysarthria,
dysphagia, cognitive impairment, and bilateral rest and postural tremor.
In the next 10 years, he progressively developed upper limb amyo-
trophy, mild levodopa-unresponsive parkinsonism and severe lower
limb spasticity accompanied by ataxic movements. The 22-year-old
sister started with ataxic gait, dysarthria, and cognitive impairment at
17 years of age. Delusional thoughts associated with visual and auditory
hallucinations occurred few years later in association with mild
levodopa-unresponsive parkinsonism and severe lower limb amyo-
trophy and spasticity. Unlike her brother, she did not show tremor. Both
siblings are wheelchair-dependent and none exhibited gaze palsy, ocu-
logyric spasms or facial-faucial-finger mini-myoclonus. Brain MRI in
both patients showed diffuse cerebellar atrophy without signs of iron
accumulation (Supplementary material 1 Fig. S1). Electromyogram
unraveled signs of lower motoneuron disease in lower limbs.

Friedreich’s ataxia and Wilson’s disease were excluded by targeted
mutation analysis. Whole exome sequencing revealed two pathogenic
variants (¢.2529+1G > A and ¢.3057delC) in ATP13A2 in a compound
heterozygous state (for details see Supplementary material 2).

The clinical picture of both patients resembled an intermediate
phenotype between classical parkinsonian and complicated HSP [1,2].
Noteworthy, HSP symptoms were also reported in the original Chilean
family carrying mutations in ATP13A2 [1]. In 2017, Estrada-Cuzcano
et al. assigned ATP13A2 a novel HSP locus (SPG78) based on five pa-
tients with complicated HSP carrying mutations in ATP13A2, though
one patient presented also parkinsonism [2]. As shown in Table 1, 13 out
of 19 patients with prominent HSP presented also signs of parkinsonism.
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HSP or parkinsonism can be present either at disease onset or develop at
later stages.

As the number of clinical phenotypes explained at the genetic level
growth, it becomes clear that intermediate phenotypes are part of a
phenotype continuum connecting clinical entities that were otherwise
regarded as different (Supplementary material 1 Fig. S2). This obser-
vation has been made for several neurodegenerative diseases and their
causative genes, e.g. POLR3A, ATP1A3, and PLA2G6 [4,5]. Table 1 il-
lustrates the presence of a varied plethora of clinical manifestations in
patients with ATP13A2 mutations supporting a continuum between
different phenotypes rather than separate syndromes or allelic condi-
tions (PARK9 and SPG78). The latter suggests additional modifier genes
or alleles contributing to the phenotype which might relate to the pro-
tein network involved in both parkinsonism and HSP [6].

Our report highlights that an intermediate phenotype between a
prominent parkinsonian (Kufor-Rakeb syndrome; PARK9) and a
complicated HSP (SPG78) clinical spectrum exists, which favors the
concept of a single genetic entity or condition with heterogeneous and
overlapping clinical features rather than separate allelic disorders with a
different nomenclature or classification. This is supported by shared
pathogenic pathways among HSP-associated mutations, similarly to the
ones causing Kufor-Rakeb syndrome and neuronal ceroid lipofuscinosis
that ultimately impair the lysosomal and mitochondrial function [2].
Based on our observations, we propose to use the term ATP13A2-asso-
ciated disorder to any phenotype that results from pathological variants
in the ATP13A2 gene because mutations in ATP13A2 might lead to a
wide range of connected phenotypes.
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Table 1
Summary of clinical findings of patients with ATP13A2 mutations and prominent HSP phenotype.
Patient Reference Gaze Lower limbs spasticity Pyramidal Amyotrophy  Ataxia  Parkinsonism  Cognitive Psychosis
palsy or spastic gait signs impairment

Patient 1 This report No Yes Yes Yes Yes Yes Yes No

Patient 2 This report No Yes Yes Yes Yes Yes Yes Yes

V-1 Eiberg (2012) [S1] Yes Yes Yes (NR) Yes Yes Yes Yes

Proband Kara (2016) [S2] Yes Yes (NR) (NR) Yes No Yes (NR)

(family 41)

Patient 17 van de Warrenburg Yes Yes (NR) (NR) (NR) Yes Yes (NR)
(2017) [S3]

HSP84.11.1 Estrada-Cuzcano No Yes Yes No Yes No Yes No
(2017) [2]

HSP84.11.3 Estrada-Cuzcano No Yes Yes No Yes No No No
(2017) [2]

HSP84.11.4 Estrada-Cuzcano No Yes Yes No Yes No Yes No
(2017) [2]

HIH21480.11.3 Estrada-Cuzcano Yes Yes Yes No Yes No Yes No
(2017) [2]

HIH22132.1L.1 Estrada-Cuzcano Yes Yes Yes No Yes Yes Yes Yes
(2017) [2]

Patient 1 Noch (2017) [S4] Yes Yes Yes (NRNR) (NR) Yes Yes (NR)

Patient 2 Noch (2017) [S4] Yes Yes Yes (NR) Yes Yes Yes (NR)

1I-2 Inzelberg (2018) [S5] Yes Yes Yes (NR) Yes Yes Yes Yes

1I-3 Inzelberg (2018) [S5] Yes Yes Yes (NR) Yes Yes No No

Patient 2 Erro (2019) [S6] Yes Yes Yes (NR) Yes Yes Yes (NR)

Patient 8 Wei (2019) [S7] (NR) Yes Yes (NR) (NR) (NR) (NR) (NR)

Patient A Estiar (2020) [S8] (NR) Yes Yes (NR) Yes Yes Yes (NR)

Patient B Estiar (2020) [S8] (NR) Yes Yes Yes Yes Yes Yes Yes

Patient C Estiar (2020) [S8] (NR) Yes Yes (NR) Yes Yes Yes Yes

(NR) Not reported — References S1 to S8 can be found in Supplementary Material 2.
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