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Summary of the 14" ATP1A3 in Disease Symposium

The 14th International ATP1A3 in Disease Symposium was held
September 25-26, 2026 at the Paris Brain Institute (Institut du
Cerveau) on the campus of La Pitié-Salpétriere Hospital in Paris,
France. The two-day program, hosted by the French AHC
Foundation, brought together research on the full range of ATP1A3-
related disorders, including alternating hemiplegia of childhood
(AHC) and rapid-onset dystonia parkinsonism (RDP). Six scientific
sessions covered long-term health, disease mechanisms, and
treatments, with contributions from families and patient
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organizations throughout the meeting. There were 191 registered FRERSEEATLEERERIET

attendees (174 in-person; 17 online) from 21 different countries.

A central theme was the need to connect scientific advances with changes that matter in daily life.
Researchers reported progress in measuring symptoms, understanding how ATP1A3 variants affect
cells, and testing treatments. A controlled study of oxygen for AHC attacks and advances in genetic
therapies were important highlights. Many findings remain preliminary, and the genetic treatments
discussed are still being developed in laboratory models.

Session | Understanding the disorders and their long term course

Dr. Alexis Arzimanoglou opened with a tribute to Dr. Jean Aicardi, who helped define AHC. He
emphasized that understanding a person’s symptoms remains essential even when the genetic
diagnosis is known. Designing clinical trials is challenging because symptoms vary among
individuals and change over time. Natural history studies, which follow the course of a disorder,
provide a reference for judging treatment effects. Training caregivers to recognize events and
agreeing on meaningful measures of improvement will be important parts of this work.

Dr. Sanjay Sisodiya discussed environmental influences, particularly heat. He described evidence
linking higher temperatures with increased seizures in people with epilepsy, while emphasizing the
absence of comparable data for ATP1A3-related disorders. Laboratory findings also suggested that
some brain cells respond differently to heat. These observations raise questions about temperature
sensitivity in AHC but do not yet establish its effects in this population.

Dr. Allison Brashear reviewed two decades of RDP research. Although often described as a
movement disorder, RDP also affects speech, communication, and thinking. Her group is developing
focused assessments, including measures that can be collected remotely, for use in future trials. Dr.
Kathleen Sweadner then discussed how disease-associated changes in the ATP1A3 protein may
explain different symptoms. The location of a variant and its effects on the protein may matter as



much as the amount of lost pump activity. Different disorders may therefore require different
treatment strategies.

Dr. Kathryn Swoboda presented long-term follow-up from an AHC registry, including circumstances
of death. Deaths associated with prolonged or severe seizures were prominent among people with
the E815K variant; some deaths in other groups were unwitnessed. These findings underscore the
importance of understanding seizure, breathing, and heart-related risks. Results from a particular
registry cannot predict the course for an individual. The program also included a tribute to children
with ATP1A3-related disorders who have died.

Session Il Clinical features and natural history

Dr. Andrew Landstrom described an expanded international study of heart involvement in AHC.
Some participants had a shortened QT interval, a measure of the heart’s electrical recovery between
beats, or pauses in the normal heart rhythm. Short QT intervals were particularly associated with
D801N and G947R. Serious cardiac events were rare and, in the reported cohort, occurred in people
with D801N. The findings focused on electrical rhythm abnormalities rather than structural heart
disease. Breathing pauses were most common with E815K, highlighting the need to study several
possible sources of risk.

Dr. Boris Chaumette and Romane Savatte discussed anxiety, depression, attention difficulties,
and aggressive behavior in ATP1A3-related disorders. Their work with the French AHC family
organization emphasizes participation by families and support without blame. Discussion also drew
attention to pain as a possible contributor to changes in behavior, particularly when a person has
difficulty communicating discomfort.

Drs. Eleni Panagiotakaki and Marietta Papadopoulou proposed a framework based on how
symptoms unfold over time. One pattern begins early in life with ongoing difficulties and recurring
attacks, as in AHC. Another involves a major neurological event followed by lasting effects, as can
occur in RDP. Overlap is expected, and the framework remains a proposal. Dr. Elisa De Grandis
described an AHC severity scale covering attacks, persistent symptoms, everyday abilities, and
epilepsy. Early testing showed good agreement among examiners. Video guidance is being
developed to help clinicians apply the scale consistently.

Dr. Claudio De Gusmao presented natural history work from Sao Paulo and Boston, including
participants with a broad range of ages and ATP1A3 variants. The Sdo Paulo effort also includes
donated blood samples and patient-derived stem cell lines for research. Dr. Simona Balestrini
described disrupted sleep in AHC, with frequent awakenings and poorly organized sleep cycles. In
the reported study, sleep difficulties worsened with age and were not explained simply by epilepsy.
Breathing pauses during sleep were common among participants with E815K. Together, these
presentations showed why long-term studies must include daily function, sleep, and health beyond
the most visible attacks.

Session lll Spreading depolarization and brain monitoring

This session focused on spreading depolarization, a wave of disturbed electrical activity that
temporarily disrupts normal brain signaling. Dr. Arn van den Maagdenberg presented studies in
AHC mice showing an interaction between these waves and low oxygen levels in brain tissue. Low
oxygen increased vulnerability, while higher oxygen helped recovery without preventing every
experimentally triggered wave. Gene editing also reduced spreading depolarization in a mouse
model. These findings offer possible explanations for attacks and treatment responses, but the
relationship to individual human symptoms remains under investigation.



Dr. Baptiste Balanca discussed spreading depolarization in people with serious brain injuries,
where invasive monitoring can relate electrical changes to blood flow and oxygen supply. Dr.
Stéphane Marinesco described tiny sensors that track oxygen, glucose, and other chemicals in
brain tissue. Such measurements show the high energy demand during spreading depolarization
and may help explain why recovery becomes difficult. He also outlined development of a rat model
of AHC for future studies.

Dr. Owen Randlett introduced zebrafish models with disrupted ATP1A3-related gene function.
Young fish showed intermittent abnormal swimming and body postures, providing another way to
study nerve networks and screen possible treatments. Models carrying specific human disease
variants are planned.

The first day concluded with the presentation by AHC Europe of new Lifetime Achievement awards
recognizing Kathryn Swoboda, Dominique Poncelin, Kenneth Silver, and Mohamad Mikati for their
enduring contributions to the field. The awards were custom designed watches, reflecting how much
time matters to families awaiting progress.

Session IV Disease mechanisms and effects on cells

The second day began with a video contribution from French children with AHC and a presentation
by Bridget Vranckx on understanding life with the disorder. She emphasized that quality-of-life
research complements studies of disease biology. Families’ priorities should help determine which
questions researchers ask and which improvements future treatments aim to deliver.

Dr. Al George discussed basic disease mechanisms and the need to connect specific defects in
nerve cell function with clinical features. ATP1A3 encodes the sodium—potassium pump, which
maintains the ion balance needed for normal nerve signaling. Experiments using human neurons
with the recurrent G947R pathogenic variant demonstrated disturbed ion gradients and their
consequences to normal neuron function. Dr. Charlott Stock presented studies of the pump’s
detailed structure and location in nerve cells. Her work illustrated how a disease variant can disrupt
a site where the pump interacts with a fat-like molecule needed for activity. Understanding these
defects may help explain why variants behave differently.

Dr. Elena Arystarkhova showed that the consequences of ATP1A3 variants can extend beyond ion
transport. Studies of cells and mice revealed changes in the Golgi apparatus, the cell’'s processing
and shipping center, and in the sugars attached to a partner protein of the pump. The effects differed
between variants. These findings suggest that altered protein processing may contribute to disease
alongside impaired pumping.

Dr. Hendrik Rosewich described human neuronal organoids, three-dimensional laboratory cultures
used to study developing nerve cells and their networks. Organoids carrying E815K showed altered
electrical properties and increased network activity. Similar findings in carefully matched cell lines
strengthened the link to the variant. These cultures are simplified research models rather than
complete brains. They provide a way to study human cells and, in planned work, test whether gene
editing can improve their function.

Session V Treatment strategies and clinical trials

Vicky Platt opened the session by describing the AHC Foundation’s collaborations with other family
organizations to advance research and care. Dr. Mohamad Mikati then presented gene
supplementation studies in D801N mice. This approach delivers an additional working copy of
ATP1A3. A revised delivery strategy improved several movement and memory measures and some
seizure-related outcomes, with benefits persisting to later ages. Survival was not significantly



improved. These results support further development while showing that delivery and the durability
of benefit remain important challenges. In addition, Dr. Mikati’'s group present a poster describing
deep brain stimulation for treating one person with AHC.

Dr. Quentin Welniarz presented finding from the Oxytahane trial of oxygen given at the start of AHC
motor attacks. In this randomized, double-blinded crossover study, participants received oxygen or
medical air at different times, and families were trained to administer the treatment. Approximately
42% of attacks treated with oxygen stopped within 30 minutes, compared with 32% treated with
medical air. The reported difference was statistically significant, and no major adverse effects were
reported. The study tested treatment of an attack already underway; it did not show prevention of
attacks or modification of the underlying disease. Further analysis will examine factors associated
with response.

Dr. Francesco Danilo Tiziano discussed cinromide, a previously investigated antiseizure
compound, as a possible treatment candidate. Cell and mouse findings motivated the proposal, but
its mechanism remains uncertain, and funding and development barriers were described. Denny
Medjedovic presented a child-friendly flunarizine formulation intended to address problems with
taste and administration. An initial study in healthy adults found drug exposure similar to an existing
formulation with no serious adverse events. An AHC trial is being planned, with discussion of how
best to measure attack burden.

Dr. Carmen Fons reviewed current approaches to treating attacks and persistent symptoms,
including trigger management, flunarizine, rescue strategies, and treatment of associated conditions.
She described an ongoing international ketogenic diet study in which about 72% of 29 participants
had a greater than 50% reduction in at least one type of attack. Because the study lacked a placebo
control, the result requires cautious interpretation. Evidence for several other approaches remains
limited to small reports, while a previous triheptanoin trial did not show benefit. The presentation
emphasized the continuing need for well-designed treatment studies.

Session VI Emerging therapies and gene editing

Two short presentations were selected from the abstracts. Dr. Elsa Tolner reported abnormal sleep
and nerve network activity in E815K mice, including spreading depolarization arising from rapid eye
movement (REM) sleep. Dr. Albert Vilamala described an automated method to detect spreading
depolarization events powered by artificial intelligence.

Diana Wall described roundworm (C. elegans) models carrying AHC-associated variants. This work
provides strong evidence that AHC is not merely due to loss of one functional copy of ATP1A3.
These models will allow researchers to test how other genes influence disease-related changes and
may help identify treatment targets.

Dr. Markus Terrey presented mouse models designed to support therapeutic development,
including animals with human ATP1A3 sequences needed to test treatments more accurately. He
also described early work with antisense oligonucleotides, short molecules that lower selected RNA
messages and thereby reduce protein production. One goal is to suppress the disease-causing copy
while preserving the working copy. Initial safety experiments examined partial lowering without
distinguishing the two copies; they do not yet establish the safety or effectiveness of a selective
treatment in people.

Dr. Alexander Sousa discussed prime editing, a method designed to correct a disease-causing
DNA change. His team reported substantial correction of ATP1A3 variants in mouse experiments
and ongoing efforts are aimed at improving editing tools and delivery. A major goal is to develop
carriers that reach enough relevant cells in the human nervous system at an appropriate dose. This



progress is encouraging, but correcting DNA in mice is just one step toward demonstrating a safe,
lasting treatment for people.

Nina Frost described collaborative initiatives intended to align research with patient priorities. These
include AHC Commons, a natural history study with the National Organization for Rare Disorders,
as well as work on drug repurposing, donated biological samples, and measurable indicators of
disease and treatment response. Wearable devices and event tracking may help capture changes
in everyday life. Siggi Johansson reflected on the international community’s growth since the first
symposium in Brussels in 2012 and highlighted continued collaboration.

The meeting concluded with an announcement that Dr. Kevin Ess will host the 2027 symposium at
Children’s Hospital of Colorado near Denver, Colorado in the USA.
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