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ATP1A3 mutations
What is the phenotype?
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Rapid-onset dystonia-parkinsonism (RDP) occurs in
children older than 18 months of age, teens, and
adults, and alternating hemiplegia of childhood
(AHC) occurs in children younger than 18 months.
They appear to be different diseases, but both are
caused by mutations in ATP1A3.1–4 ATP1A3 encodes
the a subunit of the Na1/K1-ATPase that is partially
responsible for maintaining the electrical gradient in
neurons. Motor symptoms, particularly dystonia, are
obvious in both RDP and AHC, but RDP is predominantly fixed and AHC is known for its episodic and
fluctuating course. There is now a broader phenotypic spectrum of RDP than originally described in
1993,5,6 including psychosis,7 new phenotypes in
children,8 and late onset.9 The nonmotor phenotypes
of both RDP (cognitive and psychiatric) and AHC
(developmental delay, cognitive, and behavioral)10,11
suggest that ATP1A3 mutations may play a role in
other neurologic and psychiatric disorders. Mutations
causing RDP or AHC cause symptoms such as
dystonia, parkinsonism, epilepsy (including status
epilepticus), hemiplegic episodes, abnormal ocular
movements, developmental delay, psychosis, depression, anxiety, and gait disorders in ages ranging from
newborns to 87 years. It is likely that there will be a
broad continuum of patients found, and even a role for
the gene in polygenic disorders.
There are at least 40 different mutations in
ATP1A3 that cause either RDP or AHC, and the
question arises whether there is a genotype–phenotype correlation. The article by Sasaki et al.12 in this
issue of Neurology® investigates this by examining the
clinical course of 33 patients diagnosed with AHC
with mutations in the ATP1A3 gene. Two recurrent
mutations, E815K and D801N, were identified in
two-thirds of the patients. The E815K mutation
group had more severe symptoms than the others,
with earlier neonatal nystagmus, significantly worse
gross motor level, more status epilepticus episodes,
and respiratory paralysis compared with the other
mutation-positive AHC cases. The D801N mutation
in this cohort resulted in a moderate form of AHC.

A patient with D923N had the mildest course, compatible with prior reports of the same mutation in
childhood-onset RDP with symptoms overlapping
AHC8 and with the diagnoses of RDP and AHC in
the same family.4 While the numbers of patients in the
study are small, this raises the question of whether the
type of mutation is responsible for the severity of the
symptoms. At the molecular level, RDP and AHC
phenotypes may differ partly based on how different
mutations affect protein function, with AHC mutations (onset in infancy) being more severe. Given the
expanding knowledge of ATP1A3 mutations, it is likely
that there will be other individuals with mutations in
ATP1A3 with intermediate or altogether different phenotypes. However, in families with RDP, the symptoms within one family range from wheelchair-bound
and requiring feeding tubes to asymptomatic elderly
gene carriers—all with the same ATP1A3 mutation.
This suggests that triggers, or the presence of variants
in other genes that modify symptom severity, may
influence severity or age at onset.
Stress brings on abrupt onset of an irreversible
cluster of disabling symptoms in patients with RDP,6
and even mild stress triggers paroxysmal symptoms in
AHC.10 The article by Sasaki et al. documents stepwise
deterioration in AHC. A number of patients experienced abrupt worsening episodes associated with fever
(also a trigger in RDP), status epilepticus, or following
discontinuation of flunarizine. These changes were
irreversible. Patients with RDP also sometimes have
second events of worsening. A better understanding
of the interaction of physiologic stress and genetic predisposition may help us understand the wide phenotype spectrum associated with ATP1A3 mutations.
More important, since there are no cures for AHC
and RDP, an informed response to physiologic triggers
could lead to an effective prevention strategy.
Flunarizine, a relatively nonspecific channel blocker,
appears to reduce episodic symptoms for many patients
with AHC,10 and few other medications have been
found to be as helpful. Sasaki et al. note that 7 of
the 8 patients who had severe abrupt or stepwise motor
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deterioration did so after discontinuing flunarizine.
Because of catastrophic deterioration events, they also
“recommend that all patients with AHC, regardless
of genotype, should not discontinue flunarizine
administration even if this does not show any obvious
short-term effectiveness against recurrent hemiplegic
attacks.” There are no randomized trials in the use of
this drug in patients with AHC, it has not been studied
in RDP, and it is not available for prescription in the
United States or Japan. This longitudinal analysis of its
use, however, is a promising way to synergize clinical
and genetic findings.
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