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WELCOME to NOORDWLK from the Organizing Committee!

It is our pleasure to welcome you all to Noordwijk aan zee which translates as “Noordwijk on
the beach”. We look very much forward to four days of intense science in a pleasant setting,
which will be a memorable time with lots of science, but also networking and social get
togethers!

We are very proud that 3 internationally renowned keynote speakers have accepted our
invitation to come speak and interact with us during the meeting. New this year are the mini-
symposia: a coherent set of short communications around a central theme. As you are aware,
the bulk of the program is compiled of abstracts you all submitted. This year, selection for
platform presentations has been though due to the excellent quality of the work submitted. In
addition, we have a several poster presentations during two poster sessions surrounded by
coffee breaks.

As organisers, we thank you all for coming and making this meeting a memorable one. We
enjoyed very much brainstorming together during our weekly online meetings and compiling
the program in close harmony with the scientific committee and feel privileged you trusted the
fate of this meeting in our hands.

Also, we warmly welcome our sponsors, without whom our meeting would not be the same!

Hans van Bokhoven, Radboud UMC, Nijmegen, the Netherlands
Pietro Chiurazzi, Catholic University School of Medicine, Rome, Italy
Ilse Gantois, McGill University, Montreal QC, Canada

Frank Kooy, University of Antwerp, Belgium

Frank Jacobs, University of Amsterdam, the Netherlands

SCIENTIFIC COMMITTEE

Claudia Bagni, University of Lausanne, Switzerland & University of Rome Tor Vergata, ltaly
Barbara Bardoni, Inserm, CNRS, University of Céte d’Azur, Valbonne, France
Jozef Gecz, University of Adelaide, Australia

Peng Jin, Emory University, Atlanta, GA

Tom Jongens, PSOM, University of Pennsylvania, PA

Francesco Longo, University of Gothenburg, Sweden

David Nelson, Baylor College of Medicine, Houston, TX

David Picketts,University of Ottawa, Ottawa, ON, Canada

Flora Tassone, UC Davis, Sacramento, CA

Karen Usdin, National Institutes of Health (NIH), Bethesda, MA

Bert de Vries, Radboud UMC, Nijmegen, the Netherlands



Day 1 (Monday 15 Sept):

14:00 - 16:00
Hotel Check-In and Conference registration

16:00 - 16:15
Welcome introduction

16:15-17:15
Mini-symposium 1: Excitation/inhibition balance measurements in ASD and
monogenetic conditions

Chair: Hilgo Bruining
Speakers:
1. Shilpa Anand, Amsterdam UMC

"Atypical Modulation of Cortical Dynamics and Excitation-Inhibition Balance Across
Resting-States Reflects Neurodevelopmental Disruption in SNAREopathies”

2. Additya Sharma, Vrije Universteit, Amsterdam
"Dimensionality Reduction of Quantitative EEG and Clinical Profiles to Uncover
correlations with Rare Monogenic Neurodevelopmental Phenotypes”

3. Jan Sprengers (TBA)
4. Maria Candellero, Amsterdam UMC/VU Amsterdam

"An EEG index to monitor bumetanide effects in individual children with autism
17:15-18:15

n

Keynote Lecture 1: Ernest Turro
"Discovery and characterization of RNU4-2 and RNUZ2-2-related disorders."

Introduction by Frank Kooy
18:30 - 20:00
Welcome reception

20:00 - 22:30
Dinner




Day 2 (Tuesday 16 Sept):

07:00 - 08:30
Breakfast

08:30 - 09:30
Mini-symposium 2: Sensory Hypersensitivity in Fragile X Syndrome and Autism

Chair: Elizabeth McCullagh
Speakers:

1. Elizabeth McCullagh, Oklahoma State University
“Potential common mechanisms underlying sensory alterations in mouse models of
autism”

2. Andreas Frick, University of Bordeaux, Inserm U1215
“Neural alterations in the neocortex underlie tactile perception changes in a mouse model
of autism”

3. Alexander A. Chubykin, Purdue University
“‘FMRP Expression in interneurons partially rescues visual phenotypes in FXS mice”

4. Benjamin Auerbach, University of lllinois Urbana-Champaign
“Atypical sound processing in a rat model of Fragile X Syndrome”

09:30-11:00
Poster Session 1 and Coffee break

11:00 - 12:30
Session 1: Advanced Phenotyping and potential therapies in FXS

Chairs: Claudia Bagni and David Nelson

Speakers:

1. Mathijs van der Lei, University of Antwerp

‘LMT-MouseKing as novel platform for next-generation mouse phenotyping and drug

screening in Fragile X syndrome”

2. Iryna Ethell, University of California Riverside
“Can adult gene re-activation normalize EEG and behaviors in mouse model of FXS?”

3. Kirsten Johnson, Fragile X International
“Fragile X International: Enabling Research and Clinical Guidelines”



4. Pietro Chiurazzi, Turin University, Rome "La Sapienza" and Catholic University
“Matrix Metalloproteinase-9 and PeriNeuronal Nets as New Therapeutic Targets for Fragile
X Syndrome (FXS)”

5. Flora Tassone, UC Davis
“Electroretinographic Findings in Fragile X, Premutation, and Controls: A Study of
Biomarker Correlations”

12:30 - 13:30
Lunch and networking

13:30 - 15:00
Session 2: Genetics Mechanisms of NDD

Chairs: David Picketts and Frank Jacobs
Speakers:

1. Daman Kumari, National Institute of Diabetes and Digestive and Kidney Diseases,
National Institutes of Health
“A Proximity Labeling Screen Reveals Potential New Regulators of FMR1 gene silencing”

2. Benedetta Niccolini, Catholic University of Rome
‘FMR1 RNA interaction with DNMT1 blocks DNA methylation at the FMR1 locus”

3. Michael Hart, University of Pennsylvania
‘KMT5B/set-4 regulates experience-dependent neuron remodeling through expression of
SYNGAP1/gap-2 and ANK2/unc-44”

4. Marina Boon, Radboud University Medical Center
“Haploinsufficiency of RNA-binding protein ELAVL 2 causes a novel rare heterogeneous
neurodevelopmental disorder”

5. Maija Castrén, University of Helsinki
“Contribution of astrocyte-mediated mechanisms to the neurobiology of fragile X
syndrome”

6. Udai Pandey, University of Pittsburgh Medical Center
“Interventional genomics in a rare neurodevelopmental syndrome”

15:00 - 17:00
Beach Volleyball and Sandcastle building



17:00 - 18:00
Mini symposium 3: Keep it balanced! The consequences of SETBP1 dosage
alterations on brain development

Chairs: Alessandro Sessa, Carl Ernst
Speakers:

1. Alessandro Sessa, San RaPaele Hospital
‘Revealing SETBP1 functions through experimental modelling Schinzel-Giedion
Syndrome”

2. Carl Ernst, McGill University
“SETBP1 dosage syndromes and an Nof1 antisense oligonucleotiode clinical trial for
Schinzel-Giedion Syndrome”

3. Maggie Wong, Max Planck Institute for Psycholinguistics
“Deciphering the neurobiological pathways involved in heterogenous SETBP1-
haploinsufficiency disorder using human brain organoids and transcriptomics”

4. Maria Chahrour, University of Texas Southwestern Medical Center
“Investigating the molecular mechanisms underlying SETBP1 haploinsuPiciency disorder”

18:00 - 19:00
Keynote Lecture 2: Lynne Maquat
"FMRP drives mRNP targets into translationally silenced complexes: Implications for FXS"

Introduction by Jozef Gecz

19:00 - 20:00
Personal time

20:00 - 22:30
Dinner

Day 3 (Wednesday 17 Sept):

07:00 - 08:30
Breakfast



08:30 - 09:30
Mini symposium 4: Double-Blind, Placebo-Controlled Trial of Metformin in
Individuals with Fragile X Syndrome (FXS)

Chair: Sarah Lippé

Speakers:

1. Randi Hagerman, Francgois Bolduc, University of California Davis

“Mechanisms of Action, Safety, and Results of the Trial on Metabolism and Behavioral

Measures”

2. Leonard Abbeduto, MIND Institute, University of California Davis Health
“Baseline Characteristics of Participants and Effects of Metformin on Language”

3. Sarah Lippé, University of Montreal, CHU Sainte-Justine
“Baseline Characteristics of Participants and Effects of Metformin on Brain Dynamics
Measured by EEG”

09:30-11:00
Poster Session 2 and Coffee break

11:00 - 12:00
Session 3: Insights in the pathogenesis of NDD

Chairs: Flora Tassone and Hans van Bokhoven
Speakers:

1. Mariam Marie Chellali, Istituto Italiano di Tecnologia
“Negr1: a new possible convergent hub for autistic spectrum disorder”

2. Karun Singh, University Health Network,

"The sodium channel SCN2A regulates cortical excitatory and inhibitory neurogenesis”
3. Lisa Rahm, Radboud University Medical Center,

"Cell-Type-Specific Pathology in Myotonic Dystrophy Type 1: A Human iPSC-Based
Investigation of Neurons and Astrocytes”

4. Saba Montazaribarforoushi, Adelaide University,
"UPF1 variants cause intellectual disability via mechanisms convergent with Fragile X
syndrome”

12:00 - 13:00
Lunch and networking



13:00 - 16:30
Naturalis Biodiversity Center

16:30 - 17:30
Mini-symposium 5: Cross-Species Insights into the Neural and Molecular
Mechanisms of Autism

Chair: Ourania Semelidou
Speakers:

1. Michael P. Hart, Perelman School of Medicine, University of Pennsylvania
“Autism-associated gene function in C. elegans circuits and behaviors”

2. Eliana D. Weisz, Perelman School of Medicine, University of Pennsylvania
"Metabolomics as a tool to evaluate neurophysiologic changes and treatment responses in
the Drosophila Model of FXS"

3. Anna Letizia Allegra Mascaro, National Research Council, Neuroscience Institute
"Dynamic Network Changes Across Development and Brain State in Shank3b+/- Mice"

4. Ourania Semelidou, University of Bordeaux, INSERM U1215
"Uncovering the neural basis of perceptual alterations in the Fmr1-/y mouse model of
autism”

17:30 - 18:30
Session 4: Novel signalling pathways in FXS and ASD

Chairs: Francesco Longo and Peng Jin
Speakers:

1. Niaz Mahmood, McGill University,
“Abnormal insulin signaling in Fragile X Syndrome pathology”

2. Claudio D’Incal, University of Antwerp,
"A kinase array reveals aberrant ADRBZ2 signaling in fragile X syndrome mice"

3. Claudia Bagni, Universities of Lausanne and Rome Tor Vergata,

"Striatal alterations in structural and functional plasticity in neurodevelopmental disorders”
4. Alexandra Anding, University of Nebraska Medical Center,

"The role of astrocytes in sleep impairments in FXS"




18:30 - 19:30

Keynote Lecture 3: Evdokia Anagnostou

“Translating E:I balance variability to meaningful clinical treatments in children and
youth with ASD”

Introduction by llse Gantois

19:30 - 20:00
Personal time

20:00
Beach Dinner

Day 4 (Thursday 18 Sept):

07:00 - 08:30
Breakfast

08:30 - 09:30
Mini-symposium 6: ATR-X Syndrome and Related Disorders

Chair: Norifumi Shioda
Speakers:

1. Richard J Gibbons, University of Oxford
"Understanding how ATRX mutations perturb gene expression”

2. David Picketts, Ottawa Hospital Research Institute
"The chromatin remodeler ATRX regulates entorhinal cortex arealization, organization and
circuitry with the hippocampus”

3. Takahito Wada, Kyoto University Graduate School of Medicine
"An exploratory physician-initiated clinical trial of 5-ALA for ATR-X syndrome in Japan"

4. Norifumi Shioda, Kumamoto University
"The neurological roles of G-quadruplexes in ATR-X syndrome"”

09:30 - 10:00
Coffee break



10:00 - 11:30
Session 5: Advanced Phenotyping and potential therapies in NDD

Chairs: Pietro Chiurazzi and Bert de Vries

Speakers:

1. Anne McKinney, McGill University,

“Investigating novel therapies to the rare neurodevelopmental disorder Christianson

Syndrome”

2. Ann Gregor, University of Bern,
"Proteasomal activation ameliorates neuronal phenotypes linked to FBXO11-deficiency"”

3. Cong Loc Dang, McGill University,
"Synaptopodin: A potential therapeutic target for autism spectrum disorders”

4. Jolijn Verseput, Radboud University Medical Center,
"3D facial phenotype analysis in three neurodevelopmental disorders”

5. Laura Marsal-Garcia, RMcGill University,
"Metformin as a therapeutic intervention for Phelan-McDermid syndrome”

6. Bert de Vries, Radboud University Medical Center,
"PhenomAD-NDD: revealing comorbidities in 51,227 children with neurodevelopmental
disorders”

11:30 - 12:15
Poster awards & Planning of next FXS-NDD meeting in 2027

12:15 - 14:00
Lunch and departure



FOUNDATION

Jerome Lejeune

research, care, advocacy

https://www.fondationlejeune.org/landing-page-en/

The Jérdbme Lejeune Foundation, which was given public interest status in
1996, has been working for individuals affected by genetic intelligence
disorders (Down syndrome, Williams-Beuren syndrome, fragile X syndrome,
‘cri du chat” syndrome, other trisomies, monosomies and unexplained
intellectual disability). At the service of affected individuals and their families,
the Jérdbme Lejeune Foundation is driven by three objectives: Research, Care
and Advocacy. Because it defends life, the Jérdbme Lejeune Foundation is
highly cautious about bioethical issues: in a context of ever-accelerating
scientific progress and ideological pressure, the Foundation provides its
scientific expertise together with its ethical values.



(®) sHioNoOGI

https://www.shionogi.com/eu/en/

Shionogi B.V. (known as “Shionogi Europe”) has been the European centre of
operations for Shionogi & Co. since 2014. With a legacy that began in Japan
over 147 years ago, our parent company has built a strong reputation for
scientific innovation and drug discovery, tackling some of the most complex
challenges in healthcare. We understand that living with a rare condition can
profoundly impact every aspect of life. From the uncertainty of diagnosis to the
ongoing struggle of managing symptoms and accessing care, the journey can
be both overwhelming and isolating. That's why we are determined to help
address the unmet needs of patients with rare diseases, as well as their
families and caregivers.



SIMONS FOUNDATION
AUTISM RESEARCH INITIATIVE

https://www.sfari.org/

Launched in 2006, SFARI is a scientific initiative within the Simons
Foundation’s suite of programs. SFARI's mission is to advance the basic
science of autism and related neurodevelopmental disorders. In 2007, SFARI
issued its first request for applications, its goal being to attract top researchers
to the field of autism research. Today, with a budget of over $100 million per
year, SFARI supports over 300 investigators. Since 2003, the Simons
Foundation has provided or committed more than $725 million in external
research support to more than 700 investigators in the U.S. and abroad. SFARI
awards research grants to investigators, nationally and internationally, through
an open Requests for Applications process that is overseen by the SFARI
science team and that includes external review by expert scientific panels.



CIHR IR!
I * Canadian Institutes Instituts de recherche
of Health Research en santé du Canada

https://cihr-irsc.gc.ca/

Comprised of 13 research institutes with headquarters in Ottawa, we are an
independent agency that reports to Parliament through the Minister of Health.
CIHR was created in 2000 when the Canadian Institutes of Health Research
Act was signed into law. As the Government of Canada’s health research
investment agency, we fund world-class research across the country, mostly at
universities and hospitals. This research is critical to:

better diagnose, treat, and even prevent disease;

understand the complexities of health, including everything from basic cell
biology to the social and environmental factors that can affect us;

strengthen our health care system using evidence-based models of care;
support the development of policies and programs that can improve the health
of individuals and entire communities.



V)‘

NYVYO)

https://www.nwo.nl/en

The Dutch Research Council (NWO) is one of the most important science
funding bodies in the Netherlands and realises quality and innovation in
science. Each year, NWO invests almost 1 billion euros in curiosity-driven
research, research related to societal challenges and research infrastructure.
NWO selects and funds research proposals based on recommendations from
expert scientists and other experts in the Netherlands and abroad. In addition,
NWO has ten research institutes of their own where internationally leading
research is conducted. NWO encourages national and international
collaboration, invests in large research facilities, facilitates knowledge
utilisation and manages research institutes. NWO funds more than 7200
research projects at universities and knowledge institutions.



KAERUS

| OSCIENCE

https://www.kaerusbio.com

Kaerus is developing targeted therapeutics that address an underlying ion
channel dysfunction in Fragile X syndrome that contributes to hyper-excitability
of the central nervous system in these patients. Our unique mechanistic
approach to targeting BK channels has enabled Kaerus to expand focus on
other rare genetic syndromes linked to the KCNMA1 gene. You can learn more
about Fragile X and these related syndromes at this meeting.



Mini-symposium 1: Monday September 15, 16:15-17:15
Excitation/inhibition balance measurements in ASD and monogenetic
conditions
Chair: Hilgo Bruining

Shilpa Anand, Additya Sharma, Arianne Bouman, Winde Mercken, Michel van Putten, Jan
J. Sprengers, Jennifer R. Ramautar, Tjitske Kleefstra, Klaus Linkenkaer-Hansen, Hilgo
Bruining

Amsterdam UMC

Atypical Modulation of Cortical Dynamics and Excitation-Inhibition Balance Across
Resting-States Reflects Neurodevelopmental Disruption in SNAREopathies

State-dependent modulation of cortical dynamics is crucial for information processing,
adaptive behavior, and cognitive flexibility. SNAREopathies, including STXBP1 and SYT1-
related disorders, are early-onset neurodevelopmental conditions associated with epilepsy,
cognitive impairment, and disrupted synaptic excitation-inhibition (E—I) balance. Prior EEG
studies in STXBP1 patients showed increased long-range temporal correlations (LRTCs)
and reduced functional E—I ratio (fEl) in beta frequencies, suggesting inhibition-dominated
dynamics. However, resting-state-dependent dynamics across eyes-closed and eyes-open
states in SNAREopathies remains unexplored. We analyzed resting-state EEG during eyes-
closed (ECR) and eyes-open rest (EOR) in patients with SNAREopathies (ECR: n =8; EOR:
n=15) and age-gender-matched Typically Developing Children (TDC; ECR: n=98; EOR:
n=97). Source-reconstructed EEG was used to estimate modulation between EOR and
ECR and of fEl, LRTC, and mean global connectivity in patients and TDC. TDCs showed
robust state-dependent modulation. fEI decreased globally in the theta—beta range (6—
13 Hz) and LRTCs increased in delta, theta, and beta—gamma (1-5 Hz, 21-45 Hz) bands
during EOR. In contrast, patients showed no such decrease in fEI and increased theta-band
LRTCs during EOR, suggesting altered state transitions. Additionally, patients exhibited
increased global functional connectivity during EOR compared to TDC, which correlated
with higher LRTCs in beta and gamma bands, indicating elevated coupling in high-frequency
oscillations. Our findings reveal disrupted modulation of cortical dynamics across resting-
states in SNAREopathies. The absence of typical E—I shifts and temporal flexibility,
combined with increased high-frequency coupling, reflects impaired cortical regulation and
may serve as translational biomarkers for atypical neurodevelopment in rare genetic
disorders.



Additya Sharma, Shilpa Anand, Cece Kooper, Michel van Putten, Arthur-Ervin Avramiea1
Marina Diachenko, Arianne Bouman, Winde Mercken, Jennifer R. Ramautar, Mathijs
Verhage, Tjitske Kleefstra, Hilgo Bruining, Klaus Linkenkaer Hansen

Department of Integrative Neurophysiology, Centre for Neurogenomics and Cognitive
Research, Vrije Universteit, Amsterdam

Dimensionality Reduction of Quantitative EEG and Clinical Profiles to Uncover
correlations with Rare Monogenic Neurodevelopmental Phenotypes

Rare monogenic neurodevelopmental disorders are characterized by a range of complex
and distinct clinical symptoms. Understanding genotype-phenotype relationship is essential
for improving diagnosis and treatment. However, it is challenging due to low prevalence,
intricate nature of quantitative EEG (qEEG), and variability in clinical presentations. Here,
we introduce a multivariate framework that consolidates individual qEEG features into
normative deviance metrics and connects them to clinical assessments. We applied it to
SNAREopathies, a group of rare disorders linked to mutations in genes responsible for
synaptic vesicle fusion (e.g., STXBP1 and SYT1). We analyzed resting-state qEEG from 15
patients with SNAREopathies and 96 healthy control participants of similar age. The analysis
focused on estimating absolute power, relative power, and long-range temporal correlations
(LRTC), aggregated across seven cortical functional networks and five frequency bands. To
establish a normative baseline for biomarkers, we used principal component analysis (PCA)
on the control data. We then projected the patient QgEEG biomarkers onto the normative
distributions to calculate deviation from the norm applying Mahalanobis distances. We
summarized clinical assessments—motor, manual, communication abilities, adaptive
functioning, and severity ranking of qualitative EEG abnormalities—using PCA to create
severity components. We then determined the correlation between patient gEEG deviations
and severity components. Normative qEEG patterns of absolute power exhibited a diffuse
spectro-spatial distribution, while relative power and LRTC displayed frequency-specific
distribution. PCA of clinical assessments revealed a primary component, reflecting
difficulties with mobility, communication, adaptive behavior, and a secondary component
dominated by severity of qualitative EEG abnormalities. Patient deviations from normative
absolute and relative power correlated with primary, while LRTC deviations with secondary
severity component. Patient deviations from the normative qEEG correspond to distinct
clinical severity dimensions in SNAREopathies. These findings show potential of our
framework to improve tracking of disorder progression and therapy responses in rare
monogenetic disorders.



Jan Sprengers



Maria Candellero, Gianina Cristian, Jan J. Sprengers, Felina E. L. Leisenheimer, Jennifer
R. Ramautar, Huibert D. Mansvelder, Hilgo Bruining, Klaus Linkenkaer-Hansen

Amsterdam UMC/VU Amsterdam
An EEG index to monitor bumetanide effects in individual children with autism

Background: Neurodevelopmental disorders are highly heterogeneous, making it
challenging to assess how treatments affect the brain over time. In previous trials,
bumetanide modulated electroencephalography (EEG) markers of excitation/inhibition
balance, providing initial evidence of its physiological effects. However, when these changes
occur, how they evolve within individuals, and how closely they relate to clinical
improvements remain unclear. Building on this, our Bumetanide for developmental disorders
(BUDDI) trial employs a single-case experimental design, enabling continuous monitoring
of bumetanide’s effects at both clinical and neurophysiological levels. Here, we aim to
simplify and increase the accuracy of tracking individual-subject drug-related EEG changes
by developing a Bumetanide Index with the help of machine-learning.

Methods: We quantified eyes-closed and -open rest EEG data from 113 children with
neurodevelopmental disorders (mean age 13.2 + 2.7 years) at baseline and after six months
of bumetanide treatment, using measures of long-range temporal correlations, functional
excitation-inhibition balance, and spectral power. A random forest machine-learning model
was trained to integrate these EEG features into a single Bumetanide Index. The same
model was applied to derive a corresponding index using clinical scores and Patient-
Reported Outcome Measures (PROMSs).

Results: Bumetanide treatment led to measurable changes both in neurophysiology and in
behavior. Long-range temporal correlations were particularly prominent features in the
classification model. The EEG index distinguished baseline from post-treatment states with
79% accuracy, while the index derived from clinical scores and PROMs achieved 84%. The
two indices showed a moderate, marginally non-significant correlation (r = 0.24, p = 0.06),
providing preliminary biological support for improvements in clinical presentation as a result
of bumetanide treatment.

Conclusions: EEG biomarkers integration provides a promising framework for capturing
individualized physiological states associated with treatment. This approach can be
extended across multiple time points to track personalized trajectories and support precision
medicine.



Keynote Lecture 1 — Ernest Turro

Discovery and characterization of RNU4-2 and RNU2-2-related disorders

The major spliceosome is a molecular complex that includes five snRNAs, U1, U2, U4, U5
and U6. Each of these snRNAs is encoded by multiple genes in the human genome. Until
last year, no genetic disorders had been tied to mutations in any of the genes encoding
these snRNAs. During my presentation, | will describe our statistical discovery that
mutations in RNU4-2 and RNU2-2, two genes encoding U4 and U2 snRNAs respectively,
are responsible for some of the most prevalent monogenic NDDs. In aggregate, these
disorders are likely to affect 150,000 families worldwide. | will describe the clinical
characteristics of the NDDs and present our ongoing efforts to improve diagnostics using
molecular biomarkers. Finally, | will present preliminary data obtained from genetically
engineered cell lines to understand the underlying molecular mechanisms of these
disorders.

Dr Turro is an Associate Professor and the Arthur J and Nellie Z Cohen Professor of
Pediatrics (Genetics) in the Department of Genetics and Genomic Sciences at the Icahn
School of Medicine at Mount Sinai. His research focuses on the development and
application of statistical methods for making biological inferences from genomic, cellular and
clinical data. He has contributed towards discovering and understanding the genetic
etiologies of a wide range of rare diseases. For example, his team discovered that variants
in RNU4-2 cause the dominant neurodevelopmental disorder (NDD) ReNU syndrome and
that variants in RNUZ2-2 cause dominant and recessive forms of ReNU2 syndrome. ReNU
is among the most prevalent monogenic NDDs and recessive ReNU2 is the most prevalent
recessive NDD ever discovered. He has worked extensively on the genetics of inherited
hematological disorders and on mitochondrial genetics. He established NICUnet, a network
of 16 neonatal intensive care units in the United States to study the genetic basis of neonatal
fatalities. Previously, he led the bioinformatic component of a molecular diagnostic platform
for patients with bleeding and platelet disorders called Thrombogenomics. He has also led
large genetic studies of platelet-related phenotypes and cardiovascular outcomes. Earlier in
his career, Dr Turro developed several influential statistical methods for modeling microarray
and sequencing-derived gene expression data. He is a named author on 70 peer-reviewed
articles (10 as first author, 17 as last author), including work as a senior author in Science,
Nature, Nature Medicine, Nature Genetics, Blood and the American Journal of Human
Genetics.



Mini-symposium 2: Tuesday September 16, 08:30-09:30
Sensory Sensitivity in Fragile X Syndrome and Autism
Chair: Elizabeth McCullagh

McCullagh, Elizabeth Anne
Oklahoma State University

Potential common mechanisms underlying sensory alterations in mouse models of
autism

Most forms of autism share sensory hypersensitivity as a common co-existing condition,
including Fragile X Syndrome (FXS). Our lab has shown that there are issues in the first
areas of central auditory processing, in FXS, which may contribute to sensory, specifically
auditory, symptomology including alterations to mitochondria, myelination, and
excitation/inhibition balance. The auditory brainstem, which is one of the first areas where
sound processing occurs, underlies the ability to localize sound. Disruptions to this early
processing likely feeds forward to higher processing areas contributing to overall auditory
sensitivity. Our results show, using a mouse model of Fragile X Syndrome, sex-specific
mitochondrial morphology changes, developmental timepoint dependent sound localization
behavioral shifts, and thinning of myelinated fibers and myelin in the auditory brainstem.
These results provide evidence that at the level of the auditory brainstem, there are already
changes to sound processing. Future work aims to disentangle cell type specificity and
rescue of phenotypes including potential interventions using developmentally relevant time
points.



Andreas Frick
Neurocentre Magendie, Inserm U1215, 146 rue Léo Saignat, 33077 Bordeaux

Neural alterations in the neocortex disrupt population encoding and tactile perception
in the Fmr1-/y mouse model of autism

Touch is fundamental for our interaction with the world, and atypical tactile experience is
one of the core characteristics of autism, significantly affecting daily life. However, the neural
underpinnings of low-level tactile perception and their alterations in autism remain unknown.
Using a translational perceptual task, we reveal that concomitant neuronal activation and
inhibition in the primary somatosensory cortex encode tactile stimuli and determine their
detection. We recapitulate the multifaceted tactile features of autistic individuals in the Fmr1-
¥ mouse model of autism, showing tactile hyposensitivity, interindividual variability, and
unreliable responses. Weak stimulus encoding in Fmr1¥-hyposensitive mice renders
perception vulnerable to the ongoing network state and impedes reliable response decoding.
Strengthening stimulus encoding by decreasing neuronal hyperexcitability in Fmr1-/-
hyposensitive mice improves tactile perception. Our work shows an evolutionarily conserved
role for the primary somatosensory cortex in tactile detection and presents a highly
translational approach for probing neuronal-perceptual changes in neurodevelopmental
conditions.

In this talk, | will present findings from three studies showing how endogenous neocortical
noise relates to tactile processing, population coding, and perception in autism, and outlining
a mechanism-based pharmacological approach for correction.

1. Ourania Semelidou, Théo Gauvrit, Célien Vandromme, Alexandre Cornier, Anna Saint-
Jean, Yves Le Feuvre, Melanie Ginger, Andreas Frick. Diminished signal-to-noise ratio
disrupts somatosensory population encoding and drives tactile hyposensitivity in the Fmr1-
'y autism model. Submitted. An earlier version of this study is available at bioRxiv: doi:
https://doi.org/10.1101/2024.08.08.607129

2. Bhaskaran AA, Gauvrit T, Vyas Y, Bony G, Ginger M, Frick A. Endogenous noise of
neocortical neurons correlates with atypical sensory response variability in the Fmr1-Y
mouse model of autism. Nature Communications. 2023 Nov 30;14(1):7905. doi:
10.1038/s41467-023-43777-z.

3. Zhang*, Y., Bonnan*, A., Bony*, G., Ferezou, |., Pietropaolo, S., Ginger, M., Sans, N.,
Rossier, J., Oostra, B., LeMasson, G., Frick, A. (2014) Dendritic Channelopathies
Contribute to Neocortical Hyperexcitability and Sensory Hypersensitivity in the Fmr1-Y
Mice. Nature Neuroscience, 17, 1701-1709 (2014) doi:10.1038/nn.3864.



Alexander A. Chubykin
Purdue University
FMRP Expression in interneurons partially rescues visual phenotypes in FXS mice

Autism spectrum disorders (ASDs) are characterized by sensory processing and learning
impairments. Fragile X syndrome (FX) is the leading genetic cause of autism. Prior work has
shown that visual familiarity evokes persistent theta oscillations (4—-8 Hz) in the primary
visual cortex (V1), which are weaker, shorter and frequency shifted in Fmr1 knockout (KO)
mice. These impairments correlate with reduced excitatory input to fast-spiking parvalbumin-
positive (PV+) interneurons, but the causal role of FMRP loss in PV+ cells remained unclear.
To address this, we selectively restored FMRP expression in PV+ interneurons using a
conditional Fmr1 restoration mouse line crossed with PV-Cre (Fmr1 cON/PV-Cre). In vivo
silicon probe recordings and freely moving visual discrimination task revealed that this
targeted rescue normalized the frequency, duration, and amplitude of visual-evoked theta
oscillations. It also restored orientation tuning deficits observed in FX mice. Behaviorally,
Fmr1 cON/PV-Cre mice performed significantly better in a visual discrimination task,
showing faster response times and improved accuracy. These results demonstrate that PV+
interneurons are a key circuit element in ASD-related cognitive deficits and a promising
target for therapeutic intervention.



Benjamin D. Auerbach
University of lllinois Urbana-Champaign
Atypical sensory processing in rat models of autism

Atypical sensory processing is a defining feature of autism spectrum disorders (ASD) that
also provides a window into how brain function is altered in ASD more generally. This
seminar will summarize recent work from our lab examining auditory behavioral and circuit
disruptions in a Fmr1 KO rat model of Fragile X Syndrome, the leading known inherited
cause of autism. Leveraging the unique behavioral advantages of rat models and the well-
conserved nature of sensory systems, this work has the potential link clinically important
features of autism to molecular, cellular, and circuit deficits at the core of the disorder.



Session 1: Advanced Phenotyping and potential therapies in FXS
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Abstract Title: LMT-MouseKing as novel platform for next-generation mouse
phenotyping and drug screening in Fragile X syndrome

Abstract Text: Rodents, especially mice, are essential preclinical models for studying
human disease mechanisms and evaluating therapies due to their genetic and
physiological similarity to humans. However, despite promising preclinical findings, many
drug candidates ultimately fail in clinical trials. A major limitation lies in traditional
behavioral assays, which are time-consuming, costly, and typically rely on short-term,
single-animal testing that fails to capture complex social interactions, thereby limiting
translational relevance and reproducibility. The Live Mouse Tracker (LMT) addresses these
challenges by enabling automated, continuous monitoring of up to four group-housed
mice, detecting over 40 spontaneous behavioral events. Yet, the scale and complexity of
the resulting data demand robust analytical tools. To this end, we developed MouseKing, a
standardized bioinformatics pipeline for LMT data analysis. Applying LMT-MouseKing to
Fmr1 KO mice, revealed reproducible behavioral signature with increased activity, altered
social interactions, and disrupted circadian dynamics across multiple domains. To further
validate the platform, we tested five mechanistically distinct compounds previously shown
to ameliorate FXS phenotypes in Fmr1 KO mice. Several compounds rescued multiple
behavioral deficits, underscoring the platform’s sensitivity and versatility in evaluating
pathway-specific therapeutic effects. Collectively, the integrated LMT-MouseKing platform
offers a scalable, unbiased, and reproducible approach for longitudinal behavioral
phenotyping and preclinical drug assessment, bridging gaps between discovery and
clinical translation in FXS.



Norman AO, Farooq N, Sahni A, Tapia K, Goel A, Razak K, Ethell IM

Abstract Email: iryna.ethell@ucr.edu
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Abstract Title: Can adult gene re-activation normalize EEG and behaviors in mouse
model of FXS?

Abstract Text: Fragile X Syndrome (FXS) is a leading genetic cause of intellectual deficits
and autism, that is associated with silencing Fragile X Messenger Ribonucleoprotein 1
(Fmr1) gene. Prominent symptoms of FXS include hyperactivity, repetitive behaviors,
social communication deficits, and sensory hypersensitivity. FXS-associated behaviors can
stem from hyperexcitable cortical circuits manifesting in electroencephalogram (EEG)
phenotypes that are remarkably similar between the mouse model of FXS and the human
condition across different brain areas. Although there is no known cure for FXS, gene re-
activation provides a promising treatment strategy. However, a fundamental unanswered
question for the current population of humans with FXS, is if gene re-activation can restore
circuit function in adulthood, past the critical developmental period. Therefore, the main
goal of this study was to test if gene re-activation in adult mice can lead to positive
functional outcomes. To achieve re-activation of Fmr1 gene, we treated Fmr1-
FloxNeo/CAG-CreERT2 male and female mice with tamoxifen around P65-P70 for 5 days.
In these mice, Neo cassette prevents activation of Fmr1 gene, but Cre expression
following tamoxifen treatment removes it, allowing for gene re-activation to occur.
Following the treatment, we studied cortical activity using clinically relevant EEG
recordings as well as locomotor and exploratory behaviors using open field test. We found
that cortical baseline EEG gamma power was still enhanced following adult gene re-
activation, however, the gamma synchronization to frequency-modulated sound, chirp, was
significantly improved in the frontal cortex of Fmr1 KO mice. Moreover, analysis of event-
related potentials (ERP) showed that gene re-activation reduced power of onset responses
to broadband sound trains. Finally, behavior testing revealed significant improvements in
exploratory behaviors but not hyperactivity. We found only partial effects of adult gene re-
activation on cortical activity and behaviors in mice suggesting that additional
manipulations to reopen plasticity window maybe necessary for effective interventions in
adulthood.



Kirsten Johnson

Abstract Email: kjohnson@fraxi.org
Institution Organization: Fragile X International

Abstract Title: Fragile X International: Enabling Research and Clinical Guidelines

Abstract Text: Fragile X International (FraXl) is a global charity, registered in Belgium, of
country fragile x family associations across five continents. FraXl is coordinating Fragile X
Clinical Guidelines with ERN-ITHACA, involving GRADE methodology and systematic
reviews for to validate clinical recommendations. The FX Guidelines are in three parts:
Diagnosis & Screening; Care and Treatment for under 18s; Care and Treatment for Adults.
Fragile X International is also partnering with a technology company to establish a Global
Fragile X Federated Platform and Fragile X Registry. The Federated Platform will connect
FX databases and registries around the world, facilitating research collaboration across
countries and stakeholders. The linkage of databases will provide a larger pool of data for
researchers to access. In addition to the Federated Platform, FraXIl will develop its own
Registry, supported by an app, to generated RWD and give longitudinal insight into life with
FXS.
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Abstract Title: Matrix Metalloproteinase-9 and PeriNeuronal Nets as New
Therapeutic Targets for Fragile X Syndrome (FXS)

Abstract Text: Perineuronal nets (PNNs) are specialized forms of extracellular matrix that
arise during development and control synaptic plasticity and functions. Overexpression of
matrix metalloproteinases like MMP-9 degrades PNNs around GABAergic parvalbumin-
positive (PV+) neurons in the developing auditory cortex (AC) of Fmr1KO mice.
Pharmacological or genetic restoration of PNNs in the AC significantly ameliorated FXS-
associated hyperresponsivity to acoustic stimuli, suggesting that PNN and MMP-9
represent new FXS therapeutic targets. We conducted an automated analysis of PNN+
and PV+ cells in the entire mouse brain at P60 and found a reduction of PNNs and PV+ in
Fmr1 KO brains compared to controls. Moreover, Fmr1KO mice and controls of both sexes
at different stages of development were subjected to a behavioral test battery, and their
brains were analyzed to study PNN formation. Meanwhile we are screening compounds
with known and putative effect on MMP-9 activity using an in vitro assay as well as human
FXS and control fibroblasts; the most efficient compounds identified through the in vitro
screening will be then tested in Fmr1 KO mice and human FXS iPSCs-derived neurons.
We also aim to analyze the selected compounds’ effects on the intrinsic neuronal
excitability, glutamatergic and GABAergic synaptic transmission in Fmr1KO brain slices by
patch-clamp recordings. The final goal is to identify specific brain areas and corresponding
time windows of intervention that could be therapeutically relevant for treating Fragile X
Syndrome.



Flora Tassone, Hasan Hasan, Hazel M.B. Biag, Ellery R. Santos, Jamie L. Randol,
Robert Ring, Paul Hagerman, Randi J. Hagerman
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Abstract Title: Electroretinographic Findings in Fragile X, Premutation, and
Controls: A Study of Biomarker Correlations

Abstract Text: Objective: To evaluate electroretinographic (ERG) alterations in Fragile X
Syndrome (FXS), FMR1 premutation carriers, and controls, and to explore correlations
with peripheral blood FMRP expression levels and behavioral outcomes. Methods: ERG
recordings were obtained using a handheld device across three stimulus protocols in 43
premutation carriers, 39 individuals with FXS, and 23 controls. Peripheral blood FMRP
expression levels were quantified using TR-FRET (Time-Resolved Fluorescence
Resonance Energy Transfer). Correlations were assessed with cognitive and behavioral
measures including 1Q (Intelligence Quotient), ABCFX (Aberrant Behavior Checklist for
Fragile X syndrome), SNAP-IV (Swanson, Nolan and Pelham Teacher and Parent Rating
Scale), SEQ (Sensory Experiences Questionnaire), ADAMS (Anxiety, Depression and
Mood Scale), and the Vineland-lll Adaptive Behavior Scale standard score. Results:
Significant group differences were observed in multiple ERG parameters, particularly in 2
Hz b-wave amplitude (p = 0.0081), 2 Hz b-wave time to peak (p = 0.0164), 28.3 Hz flash
combined amplitude (p = 0.0139), 3.4 Hz red/blue flash b-wave amplitude (p = 0.0026),
and PhNR amplitude (p = 0.0026), indicating both outer and inner retinal dysfunction in
FXS and premutation groups. Despite high test—retest reliability for ERG (ICC range =
0.71-0.92) and FMRP (ICC = 0.70), no correlation was found between ERG metrics and
FMRP or behavioral measures. However, FMRP levels strongly correlated with 1Q (p =
0.69, p < 0.0001) and inversely with behavioral impairment [ABCFX (p =-0.47,p =
0.0041), SNAP-IV (p = -0.48, p = 0.0039), SEQ (p = -0.43, p = 0.0146), and the Vineland
lIl standard score (p = 0.56, p = 0.0019)]. Conclusion: ERG reveals distinct retinal
functional abnormalities in FMR1-related conditions but does not correlate with peripheral
FMRP expression levels, highlighting the need for multimodal biomarkers integrating
radiological, physiological, behavioral, and molecular measures.



Session 2: Genetics Mechanisms of NDD
(Chairs: David Picketts and Frank Jacobs)
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Abstract Title: A Proximity Labeling Screen Reveals Potential New Regulators of
FMR1 gene silencing

Abstract Text: Fragile X syndrome (FXS), the most common heritable form of intellectual
disability, is caused by the expansion of a CGG-repeat tract in the 5' UTR of the FMR1
gene. FMR1 alleles with >200 repeats become hypermethylated and transcriptionally
silenced. Restoring FMR1 expression is an approach for FXS treatment that is being
pursued by many groups. While work from many labs, including our own, have identified
various proteins important for FMR1 silencing, the understanding of the exact mechanism
of how repeat expansion causes gene silencing is lacking. A comprehensive knowledge of
the factors involved in repeat-mediated gene silencing will identify a larger number of
potential targets for drug development and thus increase the likelihood of finding a suitable
approach for restoring FMR1 expression. To facilitate unbiased mechanistic studies of
gene silencing by identifying proteins that interact with the FX locus, we adapted a
proximity labeling strategy (PLS) that uses the chimeric protein dCas9-APEX2 to biotin-tag
proteins within a ~20 nm labeling radius. Biotinylated proteins are then purified by
streptavidin bead precipitation and identified by mass spectrometry. We generated typical
and FXS human embryonic stem cell lines expressing doxycycline-inducible dCas9-
APEX2 and either CGG gRNA or FMR1 promoter-specific gRNAs. Chromatin
Immunoprecipitation (ChlP) confirmed that in these cell lines dCas9-APEX2 is directed to
the FMR1 locus. Mass spectrometry analysis identified biotinylated proteins that were
enriched in cell lines expressing CGG-gRNA and FMR1 promoter specific gRNAs when
compared to cell lines with no gRNA. Proteins known to bind CGG repeats (for example,
MECP2) and those that are known to be associated with the silenced FMR1 gene (for
example, H3K9 methyltransferase, G9a) were enriched, demonstrating the success of
PLS. Additionally, this approach has identified new proteins that will facilitate the
mechanistic understanding of repeat-mediated transcriptional silencing of the FMR1 gene
in FXS.
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Abstract Title: FMR1 RNA interaction with DNMT1 blocks DNA methylation at the
FMR1 locus

Abstract Text: In the FMR1 gene, expansion of the CGG triplet beyond 200 repeats
triggers DNA methylation, resulting in the Fragile X Syndrome (FXS). There exist rare
individuals who carry a CGG expansion >200 that remains unmethylated, rescuing them
from expressing the FXS phenotype. We tested the hypothesis that active FMR1
transcription regulates DNA methylation of the locus through the binding of its mMRNA to
DNMT1 enzyme. Our results show that DNMT1 binds FMR1-mRNA in transcriptionally
active cells preventing them from being methylated, whereas it binds to the FMR1 locus in
FXS cells, resulting in gene silencing. DNMT1 binds to the transcript or to the locus after
reactivating or blocking FMR1 transcription using specific drugs, respectively. As proof of
concept, aptamers capable of binding and inhibiting DNMT1 were shown to reactivate the
silenced FMR1 gene. We propose that DNMT1 represents a specific molecular target to
reactivate the FMR1 gene expression.



Kristi Zoga, Sophia Villiere, Vina Tikiyani, & Michael P. Hart*
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Abstract Title: KMT5B/set-4 regulates experience-dependent neuron remodeling
through expression of SYNGAP1/gap-2 and ANK2/unc-44

Abstract Text: Hundreds of genes are implicated in neurodevelopmental disorders (NDD)
and autism, conditions defined by distinct and overlapping neuronal, circuit, and behavioral
changes. NDD genes are often associated with rare monogenic and syndromic disorders,
but also contribute to more common genetic liability and risk for autism and other
conditions. While many NDD genes fall into functional classes of chromatin regulation,
cytoskeleton regulation, and synaptic function, the mechanisms by which many alter
development and function of neurons and circuits is unclear. Understanding how and when
NDD genes function may provide clinical insights to benefit affected individuals, families,
and providers. Recent efforts have identified phenotypic convergence through functional
genomic screens of NDD genes in the earliest steps of neurodevelopment, but often
without describing underlying mechanisms or connection to behavior. Therefore, we
screened twenty conserved NDD and autism genes for impact on experience-dependent
GABA neuron remodeling and related behavior in C. elegans. Loss of unc-44/ANK2, gap-
2/SYNGAP1, set-4/KMT5B, daf-18/PTEN, and chd-1/CHD8 increased, while
CACNA2D3/unc-36 decreased, neurite outgrowth of the GABAergic DVB neuron. We find
that loss of the H4K20 methyltransferase, KMT5B/set-4, altered spatiotemporal expression
of ANK2/unc-44 and SYNGAP1/gap-2 isoforms in DVB and other neurons. While we find
little overlap between NDD genes that impact neuron remodeling and the corresponding
behavior, we find epistatic relationships that alter neuron remodeling and behavioral
phenotypes, including with KMT5B/set-4. Ongoing studies are testing genes and small
molecules that modify H4K20 methylation status to further explore the regulation of
synaptic gene expression and neuron remodeling by this epigenetic modification. Our
findings define gene networks, interactions, and molecular mechanisms controlling GABA
neuron remodeling, linking this neurodevelopmental process to NDD and autism genes.
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Abstract Title: Haploinsufficiency of RNA-binding protein ELAVL2 causes a novel
rare heterogeneous neurodevelopmental disorder

Abstract Text: Genes encoding RNA-binding proteins (RBPs) play a crucial role in post-
transcriptional gene regulation, and mutations in some of them, such as Fragile X
Messenger Ribonucleoprotein 1 (FMR1), cause syndromic forms of neurodevelopmental
disorders (NDDs). The ELAVL gene family, encoding the four RBPs ELAVL1-4, shows
enriched expression and plays important roles in neurons. ELAVL2 is the least studied
member of the gene family. Although single ELAVL2 variants have been identified in large
sequencing studies in autism spectrum disorder (ASD) and intellectual disability (ID)
cohorts, genotype-phenotype correlations have not been established for ELAVL2. Here,
we report 13 individuals with de novo heterozygous ELAVL2 variants. They present without
recognizable facial or other dysmorphic features. Instead, they are characterized by a
repertoire of neurodevelopmental symptoms, including developmental delay, ID, ASD,
seizures, ataxic gait, sleep problems, sensory processing issues, emotional liability and
difficulty with socialization. The ELAVL2 variants include 2 structural, 5 truncating, and 6
missense variants (of which 4 are classified as likely damaging), arguing for
haploinsufficiency of ELAVL2 as causing mechanism for the clinical phenotypes. Multiple
further lines of evidence link ELAVL2 to rather unspecific/non-syndromic
neurodevelopmental phenotypes. First, by analysing common genetic variants, we
discovered the gene is a genome-wide top hit linked to sociability and significantly
associated with intelligence, sleep duration, short sleep, and insomnia in the general
population. These associations argue that ELAVL2 is direct regulator of these features in
the neurotypical and atypical spectrum. Second, Drosophila loss of function models of
ELAVLZ2 show seizure-like behavior, sensory processing abnormalities, and sleep
disturbances. Furthermore, functional characterization of the missense variations is
ongoing. Our findings establish variants in ELAVLZ2 as a cause for a novel rare NDD, with
haploinsufficiency as the likely disease mechanism, and highlight the crucial role of
ELAVLZ2 in neuronal and higher cognitive function.
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Abstract Title: Contribution of astrocyte-mediated mechanisms to the neurobiology
of fragile X syndrome

Abstract Text: Alterations of astroglia have been identified in Fragile X syndrome (FXS),
suggesting a crucial role for FXS astrocytes in impaired neuronal function. Astrocytes
contribute to the control of neuronal activity and processes of synaptic pruning that shape
neural circuits and affect behavior. Lipids serve pivotal roles in astrocyte functionality,
particularly in intercellular communication and maintaining metabolic homeostasis as
principal structural components of cellular membranes, alongside their regulatory influence
on cerebral inflammation. We have compared the lipidomics of human forebrain astrocytes
generated from male FXS and control human induced pluripotent stem cells (hiPSCs) to
explore astrocytic mechanisms affecting cell-to-cell signaling in the FXS brain. We
observed cell line-dependent variation in lipid content of human astrocytes and that FXS
astrocytes effectively stored polyunsaturated triacylglycerol species. However, astrocyte
conditioned medium (ACM) displayed FXS-specific changes, which appeared congruently
with an augmented ATP response in FXS astrocytes and were responsive to treatment
with all-trans retinoic acid (ATRA). Expression of pro-inflammatory surface markers TNF-
alpha and IL-1beta did not differ in microglia cultured with FXS or control ACM. In addition,
ACM collected from both ATRA-treated FXS and control astrocytes reduced expression of
these microglial markers in agreement with known anti-inflammatory effects of ATRA.
However, ACM collected from FXS astrocytes increased microglial TGF-beta expression
more than control ACM and this increase was prevented by ATRA treatment of FXS
astrocytes. In conclusion, we have identified in human FXS astrocytes changes in lipid
metabolism, which may modulate microglial function by increasing TGF-beta expression.
The cross-talk between astrocytes and microglia is important in FXS, as microglia are
involved in the removal of excess synapses during development, which is shown to be
disrupted in FXS.
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Abstract Title: Interventional genomics in a rare neurodevelopmental syndrome

Abstract Text: GEMINS is essential for core assembly of small nuclear
Ribonucleoproteins (snRNPs), the building blocks of spliceosome formation. We identified
novel autosomal recessive mutations in GEMINS gene among patients (n=110)
presenting with developmental delay, motor dysfunction and cerebellar atrophy. We found
that these GEMINS variants perturb snRNP complex protein expression and assembly.
While doing an in vivo genetic screen, we identified SMN as a genetic suppressor of
GEMINS-mediated neurotoxicity in Drosophila. We discovered that an increase in SMN
expression by either genetically or the antisense oligonucleotide (ASO) Nusinsersen,
significantly upregulated the expression of GEMINS in mammalian cells and mutant
GEMINS derived iPSC neurons. Furthermore, we identified a strong functional association
between the expression patterns of SMN and GEMINS in patient Spinal Muscular Atrophy
(SMA) derived motor neurons harboring loss of function mutations in the SMN gene.
Interestingly, SMN binds to the C-terminus of GEMINS and regulates GEMINS expression
through the Tudor domain. Lastly, we observed that SMN upregulation ameliorates
defective snRNP biogenesis and alternative splicing defects caused by loss of GEMINS in
iPSC neurons and in vivo. Collectively, our work indicates that SMN is a potent regulator of
GEMINS expression and neuropathologies.
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Keep it balanced! The consequences of SETBP1 dosage alterations on brain
development
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Alessandro Sessa
San Raffaele Hospital, Milan, Italy

Revealing SETBP1 functions through experimental modelling Schinzel-Giedion
Syndrome

Schinzel-Giedion syndrome (SGS) is a fatal developmental syndrome caused by mutations
in the SETBP1 gene, inducing the accumulation of its protein product. SGS features
multiorgan involvement with severe intellectual and physical deficits due, at least in part, to
early neurodegeneration. However, very little is known on the function of both SETBP1 and
its molecular partner SET, especially in SGS condition. In fact, the consequences of SETBP1
accumulation may be multiple and different, as testified by (i) inhibition of PP2A
phosphatase, (ii) the transcriptional regulatory activity of SETBP1 through epigenetic
regulation, and by (iii) the different downstream effects that the accumulation of SET may
induce. To address these important considerations, we generated both in vitro and in vivo
systems, including a new mouse model, which allow us to faithfully model the disease and
recapitulate the molecular events at its basis. With these powerful platforms, we are studying
the pathological mechanisms at the onset and during the natural history of the disease as
well as explore eventual therapeutic strategies. In this presentation, | will focus on epilepic
phenotype associated with SGS. Although epilepsy represents one of the most debilitating
manifestations of the syndrome, the mechanisms underlying seizure susceptibility remain
unknown. To explore this issue, we employed Cre-dependent strategies that enable cell
type-specific accumulation of mutant human SETBP1 in vivo. Our data suggest that SGS-
related epilepsy results from a “constructive interference” between excitatory and inhibitory
dysfunctions within the hippocampal circuitry. These findings highlight the importance of
tightly regulated SETBP1 levels across distinct neuronal populations in maintaining the
brain's resilience to seizure initiation.



Carl Ernst
McGill, Montreal, Canada.

SETBP1 dosage syndromes and an Nof1 antisense oligonucleotide clinical trial for
Schinzel-Giedion Syndrome.

SETBP1 haploinsufficiency (SHD) causes an intellectual disability syndrome with
expressive speech delay, while missense mutations in the degron motif of SETBP1 cause
Schinzel-Giedion Syndrome (SGS), a severe neurodegenerative condition. Both disorders
affect brain development and suggest an optimal level of SETBP1 protein is required during
this process. We have collected several patients with SHD and SGS disease as well as sex-
matched healthy family members. Investigating known downstream effectors of a SETBP1
binding partner, SET, we find that there are reciprocal and opposite effects on particular
downstream targets such as PP2A. SGS represents an ideal candidate for antisense
oligonucleotide (ASO) therapy since the underlying cause of disease is too much SETBP1
protein, meaning that reducing mRNA levels are likely an effective treatment for SGS. We
have developed several ASOs to lower SETBP1 levels, and | will describe the successful
evaluation of one of these ASOs across iPSC-derived patient cell lines, and engineered cell
lines for pharmacokinetic studies. | will discuss the Nof1 clinical trial planned for SGS in
2025, including clinical output measures and dosing regimen.



Maggie Wong
Max Planck Institute for Psycholinguistics, Nijmegen, the Netherlands

Deciphering the neurobiological pathways involved in heterogenous SETBP1-
haploinsufficiency disorder using human brain organoids and transcriptomics

We are using a combination of techniques including CRISPR/Cas9 gene-editing, human
neural organoid culture, and transcriptomics, to systematically interrogate the critical time
windows, cellular origins and neurobiological pathways that go awry in SETBP1-
haploinsufficiency disorder. Thus far, we have generated an extensive array of resources
for cellular modelling. These include CRISPR/Cas9-edited SETBP1 knockout induced
pluripotent stem cells (IPSCs), as well as iPSC lines from patients carrying de novo
heterozygous loss-of-function mutations disrupting SETBP1, whose clinical and speech
phenotyping data are available, and well-matched controls. We have generated cerebral
organoids from these iIPSC lines and are investigating morphological anomalies and
transcriptomic alterations of derived organoids, at bulk and single cell level. Ultimately, we
hope that our findings will help to identify molecular pathways that could be targeted for
pharmacological intervention.



Ashlesha Gogate, Emily Oh, Lauretta El Hayek, Ariel Aiken, Wei-Chen Chen, Kiran
Kaur, Maria Chahrour
University of Texas Southwestern Medical Center

Investigating the molecular mechanisms underlying SETBP1 haploinsufficiency
disorder

SETBP1 haploinsufficiency disorder (SETBP1-HD) is a rare condition caused by
heterozygous pathogenic loss-of-function mutations in SETBP1, and characterized by a
host of neurodevelopmental phenotypes, including autism spectrum disorder, speech
impairment, developmental delay, and intellectual disability among others. Despite the
essential role of SETBP1 in brain development and function, the specific mechanisms by
which its disruption leads to neurodevelopmental disease and the downstream target genes
and pathways involved remain unknown. Using mouse models and single-cell genomics, we
aim to investigate the brain-specific role of SETBP1 in neurodevelopment and behavior,
focusing on its function in establishing cell identity and identifying its downstream targets.
Our goal is to uncover how SETBP1 disruption leads to the neurodevelopmental phenotypes
observed in SETBP1-HD, identify potential therapeutic targets, and shed light on the
pathogenesis of the disorder, ultimately paving the way for targeted therapies.



Keynote Lecture 2 - Lynne Maquat

FMRP drives mRNP targets into translationally silenced complexes: Implications for
Fragile X Syndrome

Much progress has been made on how nonsense-mediated mMRNA decay (NMD), which we
first described for humans in 1981, controls the quality of gene expression by detecting and
rapidly degrading aberrant mRNAs that harbor a premature termination codon. NMD also
degrades ~5-10% physiologic mMRNAs that are key to the maintenance of cellular
homeostasis in a changing environmental milieu. And, NMD can be misregulated in
diseases, as we have serendipitously found for Fragile X Syndrome (FXS) — a leading single-
gene cause of intellectual disability and autism due to a deficiency in the RNA-binding protein
Fragile X Protein (FMRP). NMD is hyperactivated in FXS patient-derived cells and a mouse
model of FXS. Our foray into FXS and FMRP function has led us to examine the mechanism
by which FMRP regulates its ~6000 mRNA targets, one-third of which are NMD targets. We
have found that, as a rule, FMRP-binding to a target mRNA results in its translational
repression and protection from decay.

While FMRP-mediated translational repression has been attributed primarily to
ribosome stalling, we have found using immunoprecipitations and polysome profiling of
nonpolar- and polar-cell lysates, and LC-MS/MS analyses, that FMRP largely represses
translation initiation by associating with granule constituents to preclude 40S ribosomal
subunit binding. We demonstrate that FMRP associates with its target mRNAs by binding
directly to elF4E at the 5'-cap in competition with elF4G1, and that the granule constituent
Ataxin-2-Like promotes FMRP binding to the transcribed body. The KH1+KH2 domains of
FMRP are critical for its co-immunoprecipitation of elF4E, mRNA targets, Ataxin-2-Like and
the poly(A)-binding protein PABPC1.

Our findings supplement FMRP-mediated ribosome-stalling data, suggesting that
FMRP largely mediates the sequestration of its mMRNA targets from translation initiation and
degradation in a network of FMRP molecules that simultaneously associate with cap-bound
elF4E, GC-rich mRNA regions, and poly(A)-bound PABPC1.

Lynne E. Maquat, PhD is the J. Lowell Orbison Endowed Chair and Professor of Biochemistry &
Biophysics who holds concomitant appointments in Pediatrics and in Oncology, Founding Director of
the Center for RNA Biology, and Founding Chair of Graduates Working in Science at the University
of Rochester, Rochester, NY. She also Co-Directs the Center of Excellence in RNA Research and
Therapeutics (CERRT). After obtaining her PhD in Biochemistry from the University of Wisconsin-
Madison and undertaking post-doctoral work at the McArdle Laboratory for Cancer Research, she
joined Roswell Park Cancer Institute before moving to the University of Rochester Medical Center.
Dr. Maquat’s research focuses on the molecular basis of human diseases, with particular interest in
mechanisms of mMRNA decay. Maquat discovered nonsense-mediated mMRNA decay (NMD) in human
diseases in 1981 and, subsequently, the exon-junction complex (EJC) and how the EJC marks
mRNAs for a quality-control “pioneer” round of protein synthesis. She also discovered Staufen-
mediated mMRNA decay, which mechanistically competes with NMD and, by so doing, new roles for
short interspersed elements and long non-coding RNAs. Additionally, she has defined a new
mechanism by which microRNAs are degraded, thereby regulating mRNAs so as to promote the cell
cycle. One of her current interests focuses on the development of therapeutics for diseases that she



has shown manifest hyperactivated NMD, including the most common single gene cause of
intellectual disability and autism, Fragile X Syndrome.

Mini-symposium 4: Wednesday September 17, 08:30-09:30

Double-Blind, Placebo-Controlled Trial of Metformin in Individuals with Fragile
X Syndrome (FXS)
Chair: Sarah Lippé

Randi Hagerman, Francois Bolduc
University of California Davis, University

Mechanism of action and Results of metformin trial in FXS

Background: Metformin, a biguanide, used to treat type 2 diabetes has been shown to
improve the hyperactivation of the MEK/ERK and the mTOR pathway in FX flies and KO
mice. Open label trials of patients with fragile X syndrome (FXS) have also demonstrated
improvements in early development, language, and behavior.

Methods: We carried out a double-blind, placebo-controlled phase 2 randomized clinical trial
of metformin in individuals with FXS ages 6 -35 lasting 4 months at 3 study sites ; MIND
Institute at University of California Davis, University of Alberta in Edmonton and St Justine
Hospital in Montreal. For children under 50 kg, 500 mg bid, over 50 kg, 1000 mg bid . The
primary outcome was vocabulary from the Expressive language Sampling (ELS).

Results: 120 patients with FXS were randomized, n=59 on placebo (age 14.4 £ 6.7 yrs, 90%
male), and n=61 on metformin (age 15.3 + 7.7 yrs, 87% male). Efficacy analysis of all
outcomes was performed in the modified intention-to-treat population, followed by post-hoc
analyses separated by age grouping (age 6-11 and age 12 and above). Remarkable effects
were found in the children 6 to 11yo with significant improvements in the ELS primary scores
(p=0.004), ABC composite (p<0.001), and all subtest scores. Improvements were also
observed in CSHQ (p=0.042), PedsQL (p=0.001) and the Vineland Receptive raw score
(p=0.015) on metformin. The full cohort demonstrated significant improvement on the ABC
composite score (p=0.016). 12 and over demonstrated a reduction in body mass on
metformin (p=0.003).

Discussion: Metformin has a significant beneficial effect on language and behavior in
children ages 6 -11 with FXS and it is safe and inexpensive. It also has a beneficial effect
on behavior and weight gain in those ages over 12yo. We recommend the use of metformin
clinically in individuals with FXS.



Leonard Abbeduto
MIND Institute, University of California Davis Health

Baseline Characteristics of Participants and Effects of Metformin on Language

We will focus on the language and related measures included in the assessment battery for
the metformin clinical trial. The primary outcome measure for the trial was lexical diversity
(i.e., the breadth of spoken vocabulary used) derived from talk with an examiner in two
contexts: narration and conversation. These two expressive language sampling (ELS)
contexts were scripted and structured to ensure comparability across participants and
occasions of measurement. Previous research has shown these two ELS contexts to be
feasible and lexical diversity derived from these contexts to have strong test-retest reliability
and construct validity, for English-speaking children, adolescents, and adults with FXS from
childhood to adulthood. Preliminary evidence of the utility of ELS procedures for Spanish-
speaking participants has also emerged in previous research. In addition to lexical diversity,
several other measures were computed from the ELS contexts, including those indexing
syntax, speech intelligibility, and utterance planning, but only for English-speaking
participants. Results to be presented will focus on (a) comparison of treatment and placebo
conditions on these additional expressive language measures, (b) correlations between the
ELS measures and other measures administered to assess language (e.g., Vineland
Adaptive Behavior Scales, Visual Analogue Scale of severity of language impairments
completed by clinicians) at baseline and over the course of the trial, (c) comparisons
between English- and French-speaking participants on lexical diversity, (d) analysis of the
ELS measures stratified by age. In general, the results support the continued use of ELS
measures to assess change within treatment studies, including with participants who speak
languages other than English.



Sarah Lippé
University of Montreal, CHU Sainte-Justine

Baseline Characteristics of Participants and Effects of Metformin on Brain Dynamics
Measured by EEG

Background: Electroencephalography (EEG) is currently being used in several clinical trials
in neurodevelopmental disorders. In a double-blind, placebo-controlled, phase 2
randomized clinical trial of Metformin in individuals with Fragile X Syndrome (FXS), we
assessed with EEG participants at baseline and 4 months post-treatment. The study was
funded by the Azrieli Foundation.

Methods: The three sites of the study: MIND Institute at University of California Davis in
Sacramento, CA, USA; University of Alberta in Edmonton, Canada; and St Justine Hospital
in Montreal, Canada,. recorded high-density EEG with resting-state and auditory oddball
tasks at baseline and post-treatment in FXS participants of the trial. All data were analyzed
using the Harvard Automated Processing Pipeline for EEG (HAPPE). We extracted spectral
features including aperiodic offset and exponent, periodic spectral activity, and power
spectral density (PSD) from resting state data. Furthermore, we extracted non-linear
features such as multiscale entropy. Analyses on the oddball task are currently ongoing.
Amplitude and latency of each ERP component for each repetition and deviant averaged
segments will be extracted and compared to assess habituation processes and response to
deviant.

Results: 80 participants (64 male) completed EEG recording pre- and post-treatment. Forty-
two participants received a placebo, and 38 received Metformin. To decrease the number of
comparisons performed, we conducted an ANOVA-based feature selection step where EEG
features were ranked by their ANOVA score (-logp) and features with a corresponding p-
value of >0.1 were retained (n=54). For each feature, a linear mixed-effects model was fit
with EEG as outcome, treatment condition as predictor, and a random effect of participant
ID, controlling for age and biological sex. Multiple comparison correction was applied to all
results using the Benjamini-Hochberg method. Significant interactions were found in low
gamma PSD. The direction of the trend was a decrease in all regions of interest. When
stratifying by age group (1) 6-11y (2)12+, significant placebo/treatment x pre/post
interactions were found in relative alpha (increase) and high gamma (decrease) in the
younger group, and in low gamma (decrease) in the older group.

Discussion: Our results show significant effects of treatment on EEG. Treatment related
changes observed in brain rhythms correspond to EEG metrics associated with improved
excitation/inhibition balance and more typical brain activity than what has been documented
in FXS. Our results are consistent with observed behavioral effects, which were found to be
more pronounced in younger participants.



Session 3: Insights in the pathogenesis of NDD
(Chairs: Flora Tassone and Hans van Bokhoven)

Mariam Marie Chellali, Amos Fumagalli, Olga Shevtsova, Andrea Barberis, Angelo
Reggiani, Alessandro Gozzi, Yuri Bozzi, Giovanni Piccoli and Laura Cancedda1

Abstract Email: mariam.chellali@iit.it
Institution Organization: Istituto Italiano di Tecnologia

Abstract Title: Negr1: a new possible convergent hub for autistic spectrum disorder

Abstract Text: Autism spectrum disorders (ASDs) are a group of medical conditions with
different etiologies that originate during neurodevelopment. Although hundreds of diverse
gene variants have been implicated in the pathogenesis of ASD, all ASDs are
characterized by common core symptoms (i.e. social impairment and repetitive behaviors).
Here, we describe a cleavable cell adhesion molecule (Negr1) as a possible convergent
molecule dysregulated in ASD and causative of core ASD behaviors when dysregulated in
Wild type (WT) animals. We found Negr1 to be up-regulated in the prefrontal cortex (PFC)
of five diverse mouse models of genetic ASD and in postmortem PFC samples of people
with ASD and Fragile X. Upregulation of Negr1 in the PFC was sufficient to induce brain
morphological deficits and ASD core behaviors in WT mice. By specific overexpression of
the soluble Negr1 form in WT we demonstrated that the soluble form of Negr1 is sufficient
and necessary to cause social deficits in mice. Supporting the relevance of the latter
finding, we also found that Negr1 is possibly excessively cleaved in 2 diverse mouse
models of ASD. Altogether, our results on Negr1 dysregulation in diverse ASD mouse
model and the causal link between Negr1 upregulation and ASD core behaviors may
explain how a wide variety of ASD genetic variants converge into a unique core group of
impaired processes during brain development and of behavioral phenotypes. Our results
also suggest regulation of Negr1 pathway and its cleavage as a new approach for the
design of future therapies.



Jarryll A. Uy, Zahra Dargaei, Sarah Geahchan, Laura Botler, Yi Pan, Chad O. Brown,
Jennifer L. Howe, Stephen W. Scherer, Jaideep S. Bains, and Karun K. Singh*

Abstract Email: karun.singh@uhn.ca
Institution Organization: University Health Network

Abstract Title: The sodium channel SCN2A regulates cortical excitatory and
inhibitory neurogenesis

Abstract Text: Voltage-gated sodium channels regulate neuronal excitability and fast
synaptic transmission in the postnatal and adult brain. The gene SCN2A, encoding the
sodium channel Nav1.2, regulates synaptic development and variants in SCN2A are
associated with autism spectrum disorders (ASD). The expression pattern of SCN2A
begins during fetal cortical development, prior to the onset of synaptic transmission, but it
is unknown whether SCN2A regulates early cortical development through mechanisms
independent of synaptic transmission. Here we reveal that isogenic and ASD patient-
derived human forebrain organoids modelling a loss of SCN2A function display impaired
excitatory and inhibitory neurogenesis, leading to a developmental imbalance.
Unexpectedly, we find precocious generation of cortical inhibitory neurons is driven by
elevated sonic hedgehog (SHH) signaling and is reversible through pharmacological
inhibition. Functionally, these developmental phenotypes arise due to sodium channel
dysfunction in early organoids, and lead to abnormal neuronal firing and network activity.
Our results identify a new mechanisim for cortical excitatory and inhibitory neurogenesis
involving SCN2A, and reveal that early neurogenesis deficits precedes postnatal neural
circuit dysfunction in SCN2A-associated disorders.



Lisa C Rahm, Silvia Albert, Nael Nadif Kasri, Peter-Bram 't Hoen, Derick G Wansink,
Hans van Bokhoven

Abstract Email: lisa.rahm@radboudumc.nl
Institution Organization: Radboud university medical center, Nijmegen, The
Netherlands

Abstract Title: Cell-Type-Specific Pathology in Myotonic Dystrophy Type 1: A Human
iPSC-Based Investigation of Neurons and Astrocytes

Abstract Text: Introduction: Myotonic dystrophy type 1 (DM1) is a multisystemic inherited
disorder caused by the expansion of an unstable CTG repeat in the 3' untranslated region
(UTR) of the DMPK gene. The length of this repeat typically correlates with disease
severity and age of onset. While DM1 is classically characterized by myotonia and
progressive muscle wasting, cognitive impairments are also a prominent feature. Emerging
evidence from cellular and animal models suggests that both neurons and astrocytes are
implicated in DM1 neuropathology. However, the mechanisms underlying these cognitive
deficits and the interplay between affected cell types remain poorly understood. To address
this gap, we developed human cell-based models to investigate the neuropathological
features of DM1. Methods: We generated induced pluripotent stem cells (iPSCs) from
fibroblasts of four DM1 patients and differentiated them into glutamatergic excitatory
neurons (iNeurons) and astrocytes. For three patients, we also created isogenic control
lines by excising the expanded CTG repeat using CRISPR/Cas9. These lines were
characterized for DM1-specific molecular hallmarks, including RNA foci formation and
MBNL protein sequestration. Additionally, we conducted preliminary assessments of
neuronal network activity using multi-electrode array (MEA) recordings. To evaluate
therapeutic potential, we applied antisense oligonucleotides (AONs) to reduce DM1
molecular hallmarks. Results and conclusions: We successfully excised the expanded
CTG repeat in patient-derived iPSCs and quantified RNA foci in both iNeurons and
astrocytes. In monocultures, we observed distinct differences in MBNL protein
sequestration levels between neurons and astrocytes, highlighting cell-type-specific
molecular pathology. Ongoing analyses focus on the electrophysiological properties of
DM1 iNeurons and astrocytes using multi-electrode array (MEA) recordings. These neural
network activity profiles will be integrated with data from morphological assessments,
nuclear RNA foci quantification, splicing analyses, and transcriptomic profiling. In an initial
experiment, AONs led to a reduction in DM1 molecular hallmarks. Together, these
complementary approaches aim to provide a comprehensive understanding of the cellular
and molecular mechanisms underlying DM1-associated neuropathology. Grant support:
This work is funded by the Prinses Beatrix Spierfonds (grant number W.OR21-03).



Saba Montazaribarforoushi, Lachlan A. Jolly, Natalie B. Tan, Urwah Nawaz, Sarah F
Zhao, Gyurkovska Valeriya, Michael Silk, Emmylou Nicolas-Martinez, Renee Carroll,
Clare van Eyk, David Ascher, John Christodoulou, Nava Segev, Jozef Gecz, Susan
M. White

Abstract Email: saba.montazaribarforoushi@adelaide.edu.au
Institution Organization: The University of Adelaide

Abstract Title: UPF1 variants cause intellectual disability via mechanisms
convergent with Fragile X Syndrome

Abstract Text: Background: Identifying genetic causes of intellectual disability (ID)
provides the benefits of a diagnosis for affected individuals and drives investigations of
pathogenic mechanisms, ultimately delivering opportunities for therapeutic development.
Aim: We aimed to discover and investigate variants in UPF1 as a novel cause of ID.
Methods: Matchmaker Exchange was used to assemble a cohort of 24 individuals with ID
and de-novo heterozygous missense variants in UPF1. Cell lines derived from identified
individuals were used to study the molecular mechanisms of pathology. Results:
Individuals with UPF1 variants displayed developmental delay/ID of variable severity,
together with diverse congenital malformations and facial dysmorphism. UPF1 encodes an
ATP-dependent RNA helicase that functions in several mMRNA decay pathways, including
nonsense mediated mRNA decay. We confirm UPF1 also interacts with the mRNA binding
protein FMRP, which is the deficient protein encoded by FMR1 in fragile X syndrome. The
UPF1 variants were predicted to be deleterious and impacted the helicase domain
facilitating RNA binding and ATPase activity. In UPF1 variant cells, UPF1 phosphorylation
was increased and the UPF1-FMRP interaction was disrupted. Reciprocally, we show
increased UPF1 phosphorylation in fragile X cells. 5% of the transcriptome was
deregulated in UPF1 variant cells, and we discovered that the differentially expressed
genes (DEGs) overlapped (32%) and correlated (R=0.95) with DEGs identified in fragile X
syndrome cells, with the direction of differential expression associated with mRNA GC
content. Conclusion: These data define a novel UPF1-related syndromic ID, with
transcriptome impacts shared with fragile X syndrome, suggesting a convergent
pathogenic mechanism.



Mini-symposium 5: Wednesday September 17, 16:30-17:30
Cross-Species Insights into the Neural and Molecular Mechanisms of Autism
Chair: Ourania Semelidou

Michael P. Hart
Department of Genetics, Perelman School of Medicine, University of Pennsylvania

Autism-associated gene function in C. elegans circuits and behaviors

Autism and many related neurodevelopmental disorders (NDD) are characterized by or
include specific behavioral changes and are linked to variation in hundreds of different
genes. The distinct and overlapping behavioral changes observed in each individual, and
that characterize each condition, arise from altered development and/or function of neurons,
synapses, and circuits. However, for many genes associated with these conditions, we do
not understand when or where they function to impact specific circuits and behaviors, or the
mechanisms by which they do so. This is in part due to the incredible complexity of
mammalian nervous systems and neuronal circuits that control behaviors. The nematode C.
elegans has simple and robust behaviors that are regulated by well-defined neurons,
circuits, and signaling pathways. Additionally, many autism and NDD associated genes are
conserved in C. elegans, often with reduced gene family redundancy. Therefore, we have
developed multiple medium and high throughput assays to screen for and compare the
functions of autism and NDD genes across multiple neurons, circuits, and behaviors. We
screen many genes in parallel by using unbiased automated imaging platforms that can
assay behaviors in individual animals or populations of young adult C. elegans. This
includes basal activity levels and locomotion, behavioral responses to food and food
deprivation, social and solitary feeding behaviors, and mating behaviors. Subsequent
analyses of genes identified with behavioral phenotypes has defined roles for specific genes
(and even single isoforms) in single neurons, as well as the impact of genes on neuronal
and synaptic morphology and function. Further, we perform longitudinal quantification of the
neuronal, synaptic, and behavioral phenotypes, and apply these assays to define the
functional impact of variants found in humans on gene function. Together, we have
utilized C. elegans to identify specific and broad functions of conserved autism and NDD
associated genes. Our studies have uncovered a remarkable complexity of molecular and
circuit mechanisms regulated by autism associated genes, and identified functional and
molecular convergence across subsets of genes associated with changes in human
neurodevelopment and behavior.



Eliana D. Weisz, Boehmler, Dan J., Weljie, Aalim M., Jongens, Thomas A.
Perelman School of Medicine at the University of Pennsylvania

Metabolomics as a tool to evaluate neurophysiologic changes and treatment
responses in the Drosophila Model of FXS

Recently, our lab and others pioneered studies that discovered that metabolic and
mitochondrial dysfunction are robust, evolutionarily conserved components of FXS
pathophysiology. To build upon these findings, we have begun to utilize an innovative spatial
metabolomics technique called DESI-MSI to identify and map neurophysiologic differences
in the brains of dfmr1 mutants. The results of our pilot studies with DESI-MSI are highly
encouraging, as we have successfully been able to detect statistically significate changes in
several molecules in the brains of dfmr1 mutants compared to wild-type conspecifics. To
complement these studies, we have also leveraged conventional LC-MS/MS to ascertain
metabolomic changes that occur in dfmr1 mutants in response to clinically promising drug
treatments. Together, these studies have the potential to illuminate metabolites that can be
used as biomarkers to identify subsets of patients that would respond best to certain
treatments as well as quantitative metabolic outcome measurements that clinicians can use
to evaluate treatment efficacy.



Anna Letizia Allegra Mascaro
National Research Council, Neuroscience Institute

Dynamic Network Changes Across Development and Brain State in Shank3b+/- Mice

Accumulating evidence indicates that aberrant brain network function represents a hallmark
feature of autism spectrum disorders (ASDs). Accordingly, investigations of functional
connectivity (FC) have become pivotal for elucidating large-scale neural network alterations
associated with ASD. Despite the dynamic nature of ASD-related phenotypes across
development and the strong dependence of FC on brain state, the majority of FC studies in
mouse models have been conducted in adult animals under deep anesthesia. The individual
and combined influences of anesthesia and developmental stage on cortical functional
networks in ASD, however, remain poorly characterized. To address this knowledge gap, we
conducted a longitudinal analysis of FC across three distinct brain states in the Shank3b
mouse model of autism, with a focus on the transition from late adolescence to adulthood.
Employing wide-field calcium imaging, we monitored cortical dynamics in both Shank3b+/-
and Shank3b+/+ mice from postnatal day 45 (P45) to P90, manipulating brain state through
isoflurane-induced anesthesia. Our findings reveal that network hyperconnectivity, initially
focused in the barrel cortex during adolescence, progressively extends across the dorsal
cortical surface in adult Shank3b+/- mice. Notably, the magnitude and pattern of FC
abnormalities are strongly modulated by brain state: widespread network alterations are
most pronounced in the awake condition and are markedly attenuated towards
hypoconnectivity under anesthesia. These results underscore the critical role of brain state
in the detection and interpretation of autism-related FC disruptions and identify an early-
emerging cortical network dysfunction in ASD. In the last part of the talk, | will present our
most recent data demonstrating that the dysregulation of sensory-evoked responses
involves both cortical and cerebellar regions in Shank3 mice. Finally, | will show our
preliminary findings on non-invasive neuromodulatory treatments to restore brain function in
the Shank3b mouse model of autism.



Ourania Semelidou, Théo Gauvrit, Célien Vandromme, Alexandre Cornier, Melanie
Ginger, Andreas Frick
University of Bordeaux, Neurocentre Magendie, INSERM U1215, 33000, Bordeaux, France

Uncovering the neural basis of perceptual alterations in the Fmr1-/y mouse model of
autism.

Altered sensory perception is a hallmark of autism, shaping the way autistic individuals
interact with their environment, and is closely linked to other core symptoms of the condition.
This altered sensory experience manifests as changes in sensory sensitivity, with autistic
individuals showing differences in the way they detect and discriminate low-level stimuli.
Tactile sensitivity alterations, in particular, have been strongly correlated with difficulties in
social communication and interaction in autistic individuals. Despite its importance, tactile
processing remains less studied in autism compared to visual and auditory modalities, and
its neural underpinnings are not well defined. To investigate the neural basis of altered tactile
perception in autism, we developed a translational forepaw-based perceptual task to assess
tactile detection and combined it with single-cell resolution recordings of neuronal activity in
the Fmr1-/y mouse model of autism. Our findings recapitulate the multifaceted tactile
features observed in autistic individuals, showing tactile hyposensitivity during stimulus
detection, along with interindividual variability and unreliable responses. We reveal that
impaired tactile detection in Fmr1-/y-hyposensitive mice is driven by disrupted population-
level encoding of tactile stimuli in the primary somatosensory cortex, characterized by
reduced, less correlated, and temporally imprecise stimulus-evoked responses. Enhancing
somatosensory encoding by reducing neuronal hyperexcitability in Fmr1-/y-hyposensitive
mice improves detection performance. Our work uncovers circuit-level mechanisms
underlying tactile hyposensitivity in autism and presents a highly translational approach for
probing neuronal-perceptual changes in neurodevelopmental conditions.



Session 4: Novel signalling pathways in FXS and ASD
(Chairs: Francesco Longo and Peng Jin)

Niaz Mahmood, lise Gantois, Jelena Popic, Mehdi Hooshmandi, Arkady Khoutorsky,
Nahum Sonenberg

Abstract Email: niaz.mahmood@mail.mcgill.ca
Institution Organization: McGill University

Abstract Title: Abnormal insulin signaling in Fragile X Syndrome pathology

Abstract Text: Fragile X Syndrome (FXS) is a neurodevelopmental disease characterized
by mild to moderate impairment and serves as the most prevalent inherited cause of
autism spectrum disorder (ASD). Given that most affected children show limited response
to existing standard behavioral and medical interventions, there is an unmet need for
innovative treatment strategies. Recent studies have linked the dysregulation of insulin
signaling with FXS, highlighting that the binding of insulin to its receptor (IR) activates key
signaling pathways responsible for abnormal protein synthesis. Notably, our research has
revealed that IR is significantly upregulated in the brains of individuals with FXS and in
well-established mouse models of FXS. Yet, the intricate mechanisms underlying
increased insulin signaling and its contribution to the hallmark phenotypes of FXS remain
poorly understood. We hypothesize that the elevated levels of IR and subsequent
signaling in the brain lead to enhanced protein synthesis, which manifests as core ASD
characteristics in both FXS mice and humans. To validate this hypothesis, we reduced IR
levels in male and female FXS mice by two different strategies: (i) direct depletion of IR by
stereotactic injection of short hairpin RNA against Insr gene and (ii) generating transgenic
FXS mice with heterozygous deletion of Insr. We found marked improvements in ASD
related behaviors (grooming, nest score) and synaptic plasticity (long-term depression)
upon depletion of IR in FXS mice. Moreover, depletion of IR reversed the translational
abnormalities as shown by a decrease in the phosphorylation of eukaryotic initiation factor
4E. Using cutting-edge techniques like ribosome sequencing and proteomics, we will
examine the effects of IR depletion on the mRNA and protein profiles in these mice. Our
research is a vital step toward unraveling the complexities of FXS pathophysiology,
ultimately paving the way for the development of new and effective treatment options.



Claudio Peter D’Incal, Claudina Perez Novo, Elisa Cappuyns, Liesbeth Rooms, Tom
Goovaerts, Savithri Rangarajan, Wim Vanden Berghe and R. Frank Kooy1

Abstract Email: claudio.dincal@uantwerpen.be
Institution Organization: Center of Medical Genetics, University of
Antwerp/University Hospital Antwerp

Abstract Title: A kinase array reveals aberrant ADRB2 signaling in fragile X
syndrome mice.

Abstract Text: Fragile X syndrome (FXS) is the most common inherited cause of
intellectual disability and autism, resulting from transcriptional silencing of the FMR1 gene
and loss of its coding protein FMRP. The FMRP protein regulates synaptic functions and
plasticity through modulation of mMRNA translation and is tightly controlled by kinase and
phosphatase signaling. We characterized hippocampal kinase activity and phosphorylation
abnormalities in male Fmr1 knockout mice using integrated kinomic and
phosphoproteomic approaches. Activity profiling revealed globally increased Ser-Thr and
Tyr kinase-mediated phosphorylation, with prominent increased Adrb2 Ser346
phosphorylation, mediated by protein kinase A (PKAa) and insulin receptor (InsR) kinases.
Hippocampal expression data supported dysregulation of several insulin signaling
members, prompting targeted analysis with a specific InsR phospho-antibody array. Here,
we confirmed hyperphosphorylation of Akt1, GSK3a/B, IRS1, and p70S6K protein kinases
that were also detected by kinase activity profiling. Phosphopeptide enrichment coupled to
mass spectrometry further revealed differential phosphorylation within the Akt-Erk1-mTOR
axis, including altered B-raf and Eif4b regulation, suggestive for altered protein translation.
Pathway integration highlighted disrupted neuronal development, migration, and
postsynaptic density organization, with central involvement of PKA, Adrb2, and Calm3
network interactions. Ultimately, drug connectivity mapping using the iLINCS database
identified Linsitinib, an InsR/IGF 1R inhibitor, as a potential therapeutic compound for
fragile X syndrome. These findings uncover a previously underappreciated role for insulin
signaling in fragile X syndrome and nominate a novel kinase therapy targeting the insulin
receptor for therapeutic intervention.



Claudia Bagni

Abstract Email: claudia.bagni@unil.ch

Institution Organization: Department Fundamental Neurosciences - University of
Lausanne, CH / Department of Biomedicine and Prevention — University of Rome Tor
Vergata, IT

Abstract Title: Striatal alterations in structural and functional plasticity in
neurodevelopmental disorders

Abstract Text: Fragile X Syndrome (FXS) and Autism Spectrum Disorder (ASD) are
synaptopathies that fall within the broader category of neurodevelopmental disorders
(NDDs). In this presentation, | will examine how disruptions in post-synaptic structure and
impaired actin dynamics within the striatum of the FXS mouse model lead to reduced
behavioral flexibility, and how these molecular and behavioral deficits can be mitigated. |
will also explore the role of the striatum in sociability, highlighting evidence from an ASD
mouse model that shows a markedly reduced and less distinct neuronal activity pattern
during social interactions. These findings support the idea that striatal synaptic
dysregulation plays a key role in both molecular and behavioral impairments associated
with FXS and related NDDs.



Anna Dunaevsky, Alexandra Anding, and Nividetha Sankar

Email: adunaevsky@unmc.edu
Institution Organization: University of Nebraska Medical Center

Abstract Title: The role of astrocytes in sleep impairments in FXS

Abstract Text: Sleep impairments are commonly reported in Fragile X syndrome (FXS)
and autism spectrum disorders (ASD). Sleep impairments can have profound negative
impact on brain development, cognition and general well-being however the underlying
brain defects of sleep impairments in FXS are not well understood. While most research of
sleep mechanisms have focused on neurons, recent studies revealed a critical role of
astrocytes, a type of glia in the brain, as regulators of sleep and wake. Specifically,
astrocyte calcium signals exhibit distinct features across the sleep-wake cycle, are
reduced during sleep compared to wakefulness and manipulating astrocyte calcium
signaling impacts sleep. We have found that FXS astrocytes (in mice and derived from
human stem cells have hyperexcitable calcium signaling in vivo. In this study, we
performed simultaneous cortical electroencephalography (EEG), electromyography (EMG)
recordings and behavioral monitoring in Fmr1 KO and astrocyte-deleted Fmr1 cKO mice
using telemetry devices to examine electrophysiological architecture associated with sleep
and wake cycles in FXS and isolate the effect of astrocytic FMRP on sleep impairments.
Recordings were collected from adolescence (P45) to adulthood (P150). We have found
that across 24 hours, both younger and older Fmr1 KO mice exhibit reduced sleep
compared to controls, which is driven by a reduction in non-rapid eye movement (NREM)
sleep. Further, Fmr1 KO mice also display an increased number of microarousals across
development, indicative of NREM sleep fragmentation. Preliminary data indicate that
astrocytes contribute to this deficit as altered sleep is also found in the Fmr1 astrocyte
cKO mice. Finally, we employed multiphoton imaging of astrocyte calcium signaling while
simultaneously recording sleep states to understand the relationship between calcium
hyperexcitability and sleep impairments in the Fmr1 KO mouse. Our findings advance our
understanding of sleep deficit behaviors and astrocyte involvement in aberrant sleep
homeostasis in Fragile X syndrome.



Keynote Lecture 3 — Evdokia Anagnostou

Translating E:l balance variability to meaningful clinical treatments in
children and youth with ASD

The lecture will review recent clinical trial findings attempting to breach the
translational gap in E:lI balance alterations, sensory processing and potential therapeutic
benefits in ASD and will link such insights to patient priorities.

Attempts at biomarker discovery to allow for prediction and stratification within this context
will be reviewed.

Dr. Evdokia Anagnostou is a Child Neurologist and Professor of Pediatrics at the University
of Toronto and Vice President of Holland Bloorview’s Research Institute. As a Senior
Clinician Scientist, she co-leads the Autism Research Centre (ARC) at Holland Bloorview
and University of Toronto. She holds the Canada Research Chair in Translational
therapeutics in Autism Spectrum Disorder (ASD) and the Dr. Stuart D. Sims Chair in
Autism at Holland Bloorview. Most recently she has been elected as a fellow of the
Canadian Academy of Health Sciences.

Dr. Anagnostou has received extensive international funding to understand the underlying
biological differences associated with ASD and other neurodevelopmental differences,
translate such understandings into potential novel interventions. She is also funding health
system innovation, stakeholder engagement, and in understanding the meaning and
impact of ASD in marginalized populations. She serves on multiple government
committees on improving diagnostic and intervention pathways, and several editorial
boards and grant review panels. She has also been recognized for her contributions to
training young clinicians and scientists and for her commitment to women in STEM. She
currently represents the region of America- North on the INSAR Global Senior Leaders
committee.



Mini-symposium 6: Thursday September 18, 08:30-09:30

ATR-X Syndrome and Related Disorders
Chair: Norifumi Shioda

Richard J Gibbons
University of Oxford

Understanding how ATRX mutations perturb gene expression

ATRX is an X-linked gene of the SWI/SNF family of chromatin remodelling factors; germline
mutations cause a syndromal form of intellectual disability and down regulation of alpha
globin expression leading to alpha thalassemia. My research has concentrated on learning
how expression of alpha globin is downregulated in this syndrome. ATRX is found at a wide
range of tandem repeats throughout the genome. Common features of these repeats are
that they are heterochromatic, may form abnormal DNA structures such as G quadruplex
and R-loops and most are noted as regions that may be difficult to replicate. Genes
associated with these tandem repeats can be dysregulated when ATRX is mutated and the
change in expression is determined by the length of the tandem repeat producing skewed
allelic expression. ATRX with the histone chaperone DAXX remodels chromatin by replacing
canonical histones with the histone variant H3.3. ATRX provides an ATP dependent
molecular motor for this complex which has been shown to remodel and replace histones
both in vitro and in vivo. In the absence of ATRX there is a defect in DNA replication and this
is thought to be associated with an increase in the presence of DNA secondary structures
which act as blocks to the replisome. Our current hypothesis is that the perturbation in alpha
globin gene expression is due to stalled replication which may lead to collapsed forks and
double strand breaks. We have shown that such breaks lead to silencing of adjacent genes.
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The chromatin remodeler ATRX regulates entorhinal cortex arealization, organization
and circuitry with the hippocampus

A prevalent cause of NDDs are genes that regulate chromatin structure, yet how these
epigenetic factors contribute to early neurodevelopmental processes and neuronal circuitry
remain elusive. A prime example is ATRX, an ATP-dependent remodeler that functions to
maintain chromatin integrity of highly repetitive genomic regions. Pathogenic variants in the
ATRX gene cause the ATR-X syndrome, a NDD commonly associated with severe
intellectual disability, facial dysmorphism, and alpha-thalassemia. Here, we generated an
Atrx dorsal telencephalon-specific cKO line by utilizing an Emx1-IRES-Cre driver
(AtrxEmx1Cre mice). Unlike earlier cKO models, these animals survived into adulthood
allowing us to explore neuronal circuitry. Neuroanatomical analyses of the AtrxEmx1Cre
mice showed a marked reduction in the size of the hippocampus (HP) while the neocortex
(NC) was unchanged. Despite the size reduction, stereotypical hippocampal subfield marker
expression and intrahippocampal circuitry was normal. RNAseq analysis of dissected adult
HP tissue revealed ~900 differentially expressed genes, including the downregulation of
Ntng1 and Ntng2, axonal guidance proteins expressed in neurons that traverse from the
entorhinal cortex (EC). The EC is the main input to the HP and the major input/output
structure in the hippocampal formation, making it a nodal point in cortico-hippocampal
circuits integral to learning and memory, particularly complex representations that support
conscious and episodic memory, and the formation of spatial navigational maps.
Anterograde and retrograde AAV-mediated neuronal tracing experiments demonstrated a
striking reduction in EC-HP connections that correlated with performance deficits in a spatial
learning test. Further examination of the EC neurons revealed laminar disorganization, a
loss of the EC-NC cytoarchitectural border, and a transcriptomic shift to NC identity.
Genome-wide chromatin profiling of the E15.5 posterior cortex identified an ATRX-Sox2-
Nr2f1 axis that promotes EC identity and defines a critical role for ATRX in the development
of an important cognitive circuit.
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An exploratory physician-initiated clinical trial of 5-ALA for ATR-X syndrome in Japan

ATR-X syndrome (MIM: #301040) is one of the intellectual disability syndromes caused by
loss-of-function variants of the ATRX gene (MIM: *300032), encoding an ATP-dependent
chromatin remodelling protein, ATRX. ATRX binds to G-quadruplexes (G4s) to regulate the
expression of nearby genes, and we previously reported that 5-aminolevulinic acid (5-ALA),
a prodrug of protoporphyrin IX (PplX) or heme that bind G4 instead of mutated ATRX, could
rescue cognitive function in the ATR-X syndrome model mice. In this study, we conducted
an exploratory phase 2 clinical trial with 5-ALA in patients with ATR-X syndrome in Japan.
Five ATR-X patients aged five to 19 took 5-ALA for 24 weeks. We assessed the safety and
evaluated the efficacy of 5-ALA for their cognitive and social development with several
developmental batteries and an eye-tracking device, with measuring plasma concentrations
of 5-ALA and protoporphyrin IX. We also explored biomarkers for assessing the effect of 5-
ALA with DNA methylation, RNA-Seq, and proteome analysis. The result showed that two
out of five participants (responsive group) improved their cognitive functions during taking
5-ALA. The blood concentrations of 5-ALA and PplX were higher in the responsive group.
RNA-seq revealed 136 RNAs were upregulated in the responsive group. The proteome
analysis showed that the protein expression patterns were divided between the controls of
12 age-matched healthy children and the five ATR-X participants, and principal component
analysis (PCA) indicates distinct clustering of the responsive group versus the non-
responsive group. The DNA Methylation pattern did not change after 5-ALA administration.
In conclusion, 5-ALA was safe and well-tolerated at the dose and duration investigated in
this study. Therefore, 5-ALA may be a potential treatment for ATR-X syndrome as a disease-
modifying therapy via a new pharmacological mechanism, acting as a prodrug of porphyrins
to regulate gene expression by targeting G4.
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The neurological roles of G-quadruplexes in ATR-X syndrome

G-quadruplexes (G4s) are a unique nucleic acid structure that formed when a four-stranded
structure is produced within a single-stranded guanine-rich sequence. Four guanine
molecules form a square planar arrangement, termed G-quartet, which are stacked on top
of each other to form the G4s in DNA and in RNA. Recent studies have revealed that G4s
are folded in cells, which suggested their biological and pharmacological significance in DNA
replication, transcription, epigenetic modification, and RNA metabolism. So far, we have
reported that G4s are a novel target of cognitive function therapy for ATR-X intellectual
disability syndrome, in which mutations are found in a G4 binding protein ATRX. In this
symposium, we will present the results of our novel G4 profiling in ATR-X syndrome model
mouse brains and iPS neurons derived from ATR-X patients, discussing the neurological
roles of G4s in ATR-X syndrome.
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Abstract Title: Investigating novel therapies to the rare neurodevelopmental
disorder Christianson Syndrome

Abstract Text: Christianson syndrome is a rare X-linked currently untreatable monogenic
neurodevelopmental disorder characterised by severe symptoms including intellectual
deficit, cerebellar degeneration, ataxia, epilepsy, and autistic features. Christianson
syndrome is caused by loss of function mutations in SLC9A6 encoding the endosomal
sodium hydrogen exchanger 6 (NHEG), which is expressed in all neurons, particularly in
frontal cortex, hippocampus, and Purkinje cells in the cerebellum. NHEG predominantly
localizes to the membranes of early and recycling endosomes, where it induces H+
extrusion to counteract luminal acidification facilitated by the electrogenic vacuolar H+-
ATPase transporter. The precise regulation of luminal pH is necessary for endosomal
trafficking, as minute increases or decreases in pH can impact whether certain cargo is
recycled back to the cell surface or degraded through acidic lysosomes, respectively. We
found that loss of function of NHEG leads to overacidification of endosomes resulting in
mistrafficking of cargo such as tyrosine receptor kinase B (TrkB), the high-affinity receptor
for the mature form of the neurotrophin brain-derived neurotrophic factor (BDNF).
Repurposing FDA approved drugs that can activate TrkB or vesicular alkalinisation agents
we could rescue symptoms such as ataxia and learning deficits in a murine model of
Christianson syndrome. Importantly, this information has the potential to reveal novel
therapeutic strategies for treating CS patients and may also be applicable to other
neurodevelopment disorders such as autism and Fragile X syndrome where aberrations in
recycling endosomal-associated cargo and signalling events have been implicated as
contributing factors.
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Abstract Title: Proteasomal activation ameliorates neuronal phenotypes linked to
FBXO11-deficiency

Abstract Text: Haploinsufficiency of FBXO11, encoding a ubiquitin ligase complex
subunit, is associated with a variable neurodevelopmental disorder. So far, the underlying
nervous-system related pathomechanisms are poorly understood, and specific therapies
are lacking. Using a combined approach, we established an FBXO11-deficient human
stem cell-based neuronal model using CRISPR/CAS9 and a Drosophila model using
tissue specific knockdown techniques. We performed transcriptomic analyses on iPSC-
derived neurons and molecular phenotyping in both models. RNA-sequencing revealed
disrupted transcriptional networks related to processes important for neuronal
development, such as differentiation, migration and cell signaling. Consistently, we found
that loss of FBXO11 leads to neuronal phenotypes such as impaired neuronal migration
and abnormal proliferation/differentiation balance in human cultured neurons and impaired
dendritic development and behavior in Drosophila. Interestingly, application of three
different proteasome activating substances could alleviate FBXO11-deficiency-associated
phenotypes in both human neurons and flies. One of these substances is the long-
approved drug Verapamil, opening the possibility of drug repurposing in the future. Our
study shows the importance of FBXO11 for neurodevelopment and highlights the
reversibility of related phenotypes, opening an avenue for potential development of
therapeutic approaches through drug repurposing.
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Abstract Title: Synaptopodin: A potential therapeutic target for autism spectrum
disorders

Abstract Text: Dysfunction in synaptic proteins is increasingly recognized as a key
mechanism underlying autism spectrum disorders (ASD), making them promising
therapeutic targets. We propose synaptopodin (SP), an understudied synaptic protein, as
a potential therapeutic target for ASD. SP is an actin-associated protein present in
dendritic spines (postsynaptic site of excitatory synapses) of hippocampal and cortical
pyramidal neurons. SP is essential for several forms of synaptic plasticity. In particular, SP
knockout (SPKO) mice show significantly decreased hippocampal metabotropic glutamate
receptor-dependent long-term depression (mGluR-LTD), a specific form of synaptic
plasticity that is altered in many ASD models. For instance, the Fragile X Syndrome mouse
model, Fmr1-/y, shows elevated mGIuR-LTD and increased SP levels, implicating SP’s
role in ASD. This raises a question of whether abnormal hippocampal SP levels during
development cause aberrant neuronal circuitry, due to altered synaptic plasticity, and
ultimately lead to autistic behaviors. We found that adult SPKO mice exhibit autistic traits,
including increased repetitive behavior (grooming test) and social interaction deficits
(three-chamber social interaction test). Furthermore, we found altered SP protein levels in
ASD-related mouse models such as Syngap and Tsc2 mice. These findings highlight the
importance of SP levels during neurodevelopment. Therefore, SP is a potential target for
therapeutic intervention for ASD.
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Abstract Title: 3D facial phenotype analysis in three neurodevelopmental disorders

Abstract Text: Facial shape modelling techniques can assist clinicians in determining the
presence of a facial gestalt and most distinguishable features for neurodevelopmental
syndromes. We used 3D facial shape analysis to evaluate facial features for three
neurodevelopmental disorders, namely Koolen-de Vries syndrome (KDVS) (Koolen, 2012;
Zollino, 2015; OMIM #610443), Jansen-de Vries syndrome (JDVS) (Jansen, 2017; Morel
Swols, 2018; OMIM #617450) and KBG syndrome (Hermann, 1975; OMIM #611192). 3D
scans were made from 16 individuals with KDVS, 9 individuals with JDVS and 16
individuals with KBG syndrome. These images were compared to 3D scans of the face of
age and sex matched healthy controls based on craniofacial growth curves (Matthews,
2021). First, facial variation compared to the controls was displayed in terms of direction
and severity for each individual (Matthews, 2023). Following the assessment of individual
variation, the mean variation across all individuals was calculated. The age- and sex-
normalized features were used in a subsequent analysis to determine phenotypic
consistency in terms of variation in the direction of these features and were compared to a
database of nineteen well-known syndromes. In the average representation for all three
syndromes previously recognized features, such as the pear-shaped nose for KDVS, were
affirmed. Additionally, new phenotypical features were identified, such as grooves above
the eyebrows for JDVS, contributing to the existing knowledge of the facial gestalt. Further
analysis showed a varying rate of phenotypic consistency in the full face for these
syndromes. The experiment was repeated for eight separate facial regions which revealed
more consistency in specific features fitting with the existing knowledge on the gestalt. We
show that 3D dense surface scans allow for improved facial characterization of both
Koolen-de Vries, Jansen-de Vries syndrome and KBG syndrome which will be helpful for
the clinical diagnosis as well as for the interpretation of molecular results.
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Abstract Title: Metformin as a therapeutic intervention for Phelan-McDermid
syndrome

Abstract Text: Phelan-McDermid syndrome (PMS) is a rare neurodevelopmental disorder
caused by deletions or mutations affecting the SHANKS3 gene. SHANKS plays a key role in
synaptic plasticity and brain function. People with PMS manifest developmental delay,
speech impairment, and neonatal hypotonia, with the majority (80%) exhibiting autism
spectrum disorder (ASD), and 77% experiencing moderate to severe intellectual disability.
They also present impairments in memory, which plays a crucial role in forming social
relationships by enriching conversational material with personal memories, exacerbating
symptoms of PMS. To date, most studies have been conducted predominantly in males.
However, there is an urgent need to include females in these studies to reduce the
knowledge gap regarding sex-specific pathophysiological mechanisms and ensure
effective treatment for both sexes. We assessed behavioral phenotypes and molecular
alterations in both male and female Shank3B-/- mice, a mouse model of PMS. We tested
the therapeutic potential of metformin, an FDA-approved diabetes drug known to inhibit
mTORC1 and MAPK/ERK signaling pathways, both often hyperactivated in ASD-related
disorders. Behavioral assessments revealed autistic-like behaviors (repetitive behavior,
social interaction, and communication) and memory deficits in Shank3B-/- mice, with
notable sex differences in memory performance. Metformin treatment significantly
improved these deficits. At the molecular level, male, but not female, Shank3B-/- mice
showed upregulated mTORC1 and MAPK/ERK signaling in the hippocampus and
prefrontal cortex, which was also corrected by metformin. Together, these findings highlight
critical sex-specific differences in both behavior and signaling pathways in Shank3B-/-
mice and support metformin as a promising therapeutic option for a rapid clinical
translation of PMS treatment.
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Abstract Title: PhenomAD-NDD: revealing comorbidities in 51,227 children with
neurodevelopmental disorders

Abstract Text: The prevalence of comorbidities in individuals with neurodevelopmental
disorders (NDDs) is not well understood, yet these are important for accurate diagnosis
and prognosis in routine care and for characterizing the clinical spectrum of NDD
syndromes. We thus developed PhenomAD-NDD, an aggregated database containing the
comorbid phenotypic data of 51,227 individuals with NDD, all harmonized into Human
Phenotype Ontology (HPO), with in total 3,054 unique HPO terms. We demonstrate that
almost all congenital anomalies are more prevalent in the NDD population than in the
general population, and the NDD baseline prevalence allows for an approximation of the
enrichment of symptoms. For example, such analyses of 33 genetic NDDs show that 32%
of enriched symptoms are currently not reported in the clinical synopsis in the Online
Mendelian Inheritance in Man (OMIM). PhenomAD-NDD is open to all via a visualization
online tool within the Human Disease Genes website series and allows us to determine the
enrichment of symptoms in NDD syndromes
(https://humandiseasegenes.nl/phenomadndd). Hence, PhenomAD-NDD does not only
show the prevalence of comorbidities in the large population of children with NDD but is
also an essential tool in the accurate assessment of the clinical consequences of novel
genetic neurodevelopmental disorders.
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Abstract Title: Targeting dopaminergic dysfunction in fragile X syndrome

Abstract Text: Fragile X Syndrome (FXS) is the most common genetic cause of autism
spectrum disorder (ASD), resulting from a mutation in the FMR1 gene that leads to the
absence of Fragile X Messenger Ribonucleoprotein (FMRP) and dysregulated protein
synthesis. Individuals with FXS frequently display autism-like behaviors, including social
deficits, communication impairments, and repetitive behaviors, which have been linked to
dopaminergic system dysfunction, particularly in the striatum. This study investigated the
potential of a novel dopamine stabilizer with antipsychotic properties, to modulate
dopamine regulation and improve behavioral outcomes in a mouse model of FXS.
Behavioral assessments were conducted in Fmr1 knockout and wild-type mice to evaluate
the effects of (-)-OSU6162 on motor activity, social interaction, and repetitive behaviors.
Striatal dopamine levels were also measured to explore the neurochemical effects of the
treatment. The results demonstrated that (-)-OSU6162 attenuated dopamine dysregulation
in the striatum of Fmr1 knockout mice and was associated with reduced hyperactivity and
repetitive behaviors, and improved social interaction. These findings suggest a promising
therapeutic approach for addressing core behavioral symptoms in FXS by stabilizing
dopaminergic signaling.
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Abstract Title: Molecular characterization of hippocampal and cortical
synaptoneurosomal preparations from subjects with FXS

Abstract Text: Fragile X Messenger Ribonucleoprotein 1 (FMRP), which silencing causes
fragile X syndrome (FXS), has a key role in local mMRNA modulation in both pre- and post-
synaptic compartments to maintain synaptic plasticity and connectivity. Thus, the study of
pre- and postsynaptic structures, enriched in synaptoneurosomes, emerges as a useful
approach to explore the molecular outcome of FMRP-deficiency at the synaptic level. We
hypothesize that changes in synaptic RNA due to the lack of FMRP could critically
contribute to the synaptic alterations associated with FXS. Indeed, previous studies from
our group demonstrated that in the absence of FMRP in murine hippocampal
synaptoneurosomes, mRNA maturation and stability are altered, and therefore gene
expression and alternative splicing (AS) programs are also modified. These modifications,
some of them sensitive to the pharmacological modulation of the endocannabinoid system
(ECS), are key in the modulation of neurogenesis, synapse formation, and ion channel
activity, among others, major pathways that were affected in FXS mice. Based on this, we
set to explore the synaptic transcriptome landscape and the components of the ECS in
synaptoneurosomes from the hippocampus and parietal cortex from post-mortem tissue of
subjects with FXS and age/sex-matched controls. We observed relevant changes
regarding differential gene expression in both brain regions, although differentially
expressed genes were not comparable between regions. We also observed that AS
landscapes were highly modified in both regions. Specifically, AS changes occurred in
genes associated with similar pathways, processes which are congruent with FMRP
absence in FXS independently of the brain region. Finally, we also found that key proteins
in synaptic plasticity maintenance, including some of the ECS components, were
differentially modulated in FXS synaptoneurosomes. Together, we are advancing in the
identification and assessment of synaptic molecular changes with a key role in the
pathophysiology of FXS.
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Abstract Title: Modeling Fragile X Syndrome in Human Hippocampal Organoids
Reveals Altered Developmental Trajectories and FMRP Binding Dynamics

Abstract Text: Fragile X syndrome (FXS) is a leading genetic cause of intellectual
disability and autism spectrum disorder. It is an X-linked dominant disorder, typically
caused by CGG trinucleotide repeat expansion (>200 repeats) within the 5’ UTR of the
FMR1 gene that results in gene silencing and a complete loss of its protein product, fragile
X messenger ribonucleoprotein (FMRP). FMRP is a multifunctional protein that binds to
selective mMRNAs and regulates their stability, editing, transport, and translation. However,
the regulatory role of FMRP and the impacts of its loss during human hippocampal
development have yet to be explored. To address these questions, we generated human
hippocampal organoids from FXS and healthy control iPSCs. Through transcriptomic,
cellular, and electrophysiological analyses, we observed altered developmental
trajectories, specifically increased neurogenesis at the early stage and decreased
gliogenesis at the later stage in FXS hippocampal organoids, which may contribute
synergistically to the neural network hyperexcitability observed in FXS hippocampal
organoids. To investigate potential mechanisms underlying aberrant neurogenesis and
gliogenesis, we performed eCLIP-seq on hippocampal organoids at the early and late
stages and identified developmental stage-specific FMRP mRNA targets. In particular, we
demonstrated, for the first time, a switch in FMRP binding targets from genes involved in
cell cycle and neurogenesis at the early stage to genes involved in gliogenesis at the late
stage, highlighting a dynamic temporal regulatory role of FMRP during hippocampal
development. Further construction of gene regulatory networks in late-stage hippocampal
organoids revealed key regulons targeted by FMRP that may drive the decreased
gliogenesis in FXS hippocampal organoids. Taken together, our study not only delineates
the molecular, cellular, and functional impacts of FMRP loss on hippocampus development
but also provides new insights into the regulatory role of FMRP and its RNA binding
dynamics during major developmental processes, offering potential avenues for
therapeutic advancement.
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Abstract Title: Modelling Fragile X Syndrome in a Large Patient Cohort Using a
Reprogramming-to-Organoids Approach

Abstract Text: Fragile X Syndrome (FXS) is the most common inherited cause of
intellectual disability and autism. It results from the silencing of the FMR1 gene during
early fetal development. Yet, the timing and mechanism of this epigenetic repression
remain poorly understood, largely due to the inaccessibility of early neurodevelopmental
stages in patients. To overcome this limitations, human brain organoids, derived from
induced pluripotent stem cells (iPSCs), offer a promising in vitro model to study
neurodevelopmental disorders in a patient-specific context. However, conventional
reprogramming approaches involve lengthy clonal expansion and long-term culture, which
introduce genetic and epigenetic variability, reducing model fidelity. Since the genetic
background of the patient is crucial for disease modelling and the developmental potential
of derived cells, there is a need for a robust and scalable strategy to generate human
models of FXS starting from patient-derived cells. Here, we present a reprogramming-to-
organoid strategy designed to enhance the scalability of FXS modelling by exploiting both
the primed and naive states of pluripotency. Human fibroblast from FXS patients or healthy
donors were reprogrammed into primed iPSCs. Within 2 weeks, these cells acquired
pluripotency and germ-layer competence. Through 3D morphogenesis, they were
differentiated into brain organoids within 90 days from the reprogramming onset. This
system preserves patient’s genetic background, providing a robust platform to investigate
the effect of FMRP loss during neurodevelopment. We extended this strategy to naive
iPSCs, which possess a hypomethylated genome and lack residual epigenetic memory.
This allowed complete DNA demethylation and reactivation of the FMR1 locus prior to
organoid formation. This offers a unique opportunity to recapitulate in vitro the epigenetic
dynamics of FMR1 silencing in development. This reprogramming-to-organoid approach
improves genomic stability, developmental fidelity, and supports the scalability of iPSC-
derived brain organoids. It addresses critical challenges in FXS modelling and pave the
way for developing personalised therapies.
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Abstract Title: Direct differentiation of hiPSCs towards functional mature astrocytes
to better understand neurometabolic diseases

Abstract Text: Despite the well-known role of astrocytes in the pathophysiology of
neurologic disorders, the utilization of human induced pluripotent stem cell (hiPSC)-
derived astrocytes in neuronal networks remains limited. We established a streamlined
one-step protocol for the differentiation of hiPSCs directly into functional astrocytes without
the need for ectopic gene expression or neural progenitor cell generation. We found that
culturing hiPSCs directly in commercial astrocyte medium, was sufficient to differentiate
hiPSCs into functional astrocytes within five weeks. Validation to varying extents across
more than thirty hiPSC-lines demonstrated consistent astrocyte differentiation. In the
context of disease, these astrocytes not only recapitulated the biochemical phenotype of
several neurometabolic diseases but also uncovered potential disease mechanisms,
providing an ideal platform for testing new therapeutic strategies. Optimization of the
protocol enabled co-culture of hiPSC-astrocytes with hiPSC-derived neurons, promoting
neuronal differentiation and synapse formation. This protocol offers a rapid and efficient
method to establish all-human astrocyte-neuron co-cultures, facilitating the investigation of
cell-type-specific contributions to disease pathogenesis. While validated across multiple
hiPSC lines, we aimed to develop a “living document” in bioRxiv, in which we invited other
labs to follow the protocol and report their experiences. The first responses received
reported similar results, highlighting the robustness of this protocol.
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Abstract Title: Proper transcription and export of mature RNA to cytoplasm is
safeguarded by a highly conserved multi-subunit TRanscription-EXport (TREX)
complex

Abstract Text: Proper transcription and export of mature RNA to cytoplasm is
safeguarded by a highly conserved multi-subunit TRanscription-EXport (TREX) complex.
To better understand the fundamental roles of TREX biology we took advantage of
naturally occurring variation in its subunits (THOC2, ALYREF, THOC6 and THOC7 ) in >60
individuals with neurodevelopmental disabilities (NDD). From among these ALYREF and
THOCY are not yet established disease genes. Neurodevelopmental outcomes of these
individuals varied broadly and included intellectual disability, speech delay, hypotonia,
microcephaly and cerebral palsy. THOCZ2 individuals also presented with a recognisable
face. The male mice expressing a C-terminally truncated THOC2 protein (X-linked gene;
PMID 38331934) accumulate triple stranded RNA:DNA hybrids (R-loops) and show
increased DNA damage in replicating (neural stem) and in postmitotic (cortical neurons)
cells. The mice show learning and memory and sensorimotor deficits. Using patient skin
fibroblasts we generated iPSCs for three THOC2 variants from individuals with different
clinical severity. The p.Leu438Pro reduced THOC2 and other TREX subunit proteins
stability. Both, protein stability and TREX complex impact was restored in CRISPR-Cas9
corrected iPSCs. The remaining two mutations, ¢.4450-2A>G (exon 35-36 skipping;
Asp1484-Lys1559del) and exon 37-38 deletion caused in frame C-terminal deletion and
led to increased DNA damage as detected by TP53BP1, gH2AX and comet assays, but no
direct impact on TREX complex subunits and their stability. Subsequently, we tested and
detected significantly increased DNA damage in all primary cells of patients with variants in
TREX subunits, THOC2, ALYREF, THOCG6 and THOC7. THOCG variants caused protein
mis-localisation and loss of interaction with the other TREX components and THOC7
variant caused reduced protein stability. While different variants of different subunits of
TREX affect their proteins & function differently, they converge on R-loop mal-resolution,
transcriptome and proteome response and consequent DNA damage accumulation, in
transcriptionally active, proliferative as well as in postmitotic neurons.
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Abstract Title: Genetic evaluation of individuals with neurodevelopmental disorders
at the Center for Medical Genetics, Shinshu University Hospital in Matsumoto,
Japan: Second Report

Abstract Text:

Background: Intellectual disability (ID) is one of the most common neurodevelopmental
disorders (NDDs) in children. In April 2014, the "ID clinic" was established at the Center for
Medical Genetics, Shinshu University Hospital. We provide clinical diagnosis, systematic
genetic evaluation, and genetic counseling to patients with NDDs and their families. We
reported the interim findings at the 19th Workshop; here, and we present the overall
progress from 2014 to the present.

Methods: Genetic testing has been basically carried out in the following order unless
patients are clinically diagnosed with specific genetic disorders. (1) G-banded
chromosome analyses and chromosomal microarray analyses (CMA); (2) Targeted next
generation sequencing (NGS) using custom panels for NDDs; (3) For some individuals,
trio-based whole-exome sequencing (WES) was performed through the Initiative on Rare
and Undiagnosed Diseases, as WES is not covered by insurance in Japan and was
conducted as research.

Result: As of March 2025, we had recruited 320 individuals (177 males and 143 females)
with ID/developmental delay (DD), mainly from Nagano Prefecture. Autistic behavior and
epilepsy were observed in 121(38%) and 119 (37%) of participants, respectively. The total
diagnostic yield was 46% (148/320). Twenty-three of the 148 pathogenic variants were
inherited:10 autosomal dominant, 6 autosomal recessive, 5 X-linked, and 2 others. Trio-
based WES and CMA identified pathogenic variants in 31 of 67 (46%) and 18 of 207
(8.7%), respectively. Although targeted NGS identified 73 pathogenic variants (49%), its
diagnostic yields of each panels were lower than that of WES.

Conclusion: The current genetic evaluation framework at the "ID clinic" appears to
function effectively in supporting diagnosis and providing genetic counseling.



8.

Abstract Authors: Poornima Anantha Subramanian, Hanna Zieger, Benno Kuropka,
Taanisha Gupta, Judith von Sivers, Stella-Amrei Kunde, Nils Rademacher, Sarah
Shoichet

Abstract Email: poornima.anantha-subramanian@charite.de

Institution Organization: Charité Universitasmedizin, Germany

Presentation type: Poster Presentation

Abstract Title: Functional characterization of the disease-associated scaffold
protein CNKSR2

Abstract Text: Connector Enhancer of Kinase Suppressor of Ras-2 (CNKSR2), also
known as CNK2 or membrane-associated guanylate kinase-interacting protein-1
(MAGUIN), is a multidomain scaffold protein that is predominantly expressed in the brain,
specifically localized at the postsynaptic density (PSD) of synapses. CNKSR2, encoded by
the CNKSR2 gene, located on the X chromosome, has been identified as the causative
gene of X-linked intellectual disability, specifically Houge type X-linked syndromic mental
retardation (MRXHG). MRXHG is characterized by delayed development, intellectual
disability, early-onset seizures, language delay, attention deficits, and hyperactivity.
Various pathogenic variants of CNKSRZ2, including deletion, frameshift, splicing, and
nonsense variations, have been reported in affected patients. Our overarching aim is to
understand the functional role of the CNK2 scaffold molecule at the synapses. We have
identified several novel interaction partners of CNK2, including members of the small
GTPase signalling family and their regulators, as well as downstream kinases that are
localized at the PSD. We have also observed that CNK2 influences the localization of its
interaction partners. These findings support a role for CNK2 in modulating membrane-
associated signal cascades at synapses, including those associated with small GTPases.
We are currently exploring this hypothesis in detail. Additionally, based on our preliminary
unpublished data, we know that the disease-associated truncation mutation, CNKR712%,
which is truncated at the C-terminal region, is associated with altered spine morphology.
We utilized this mutant in a comparative mass spectrometry (MS)-based approach to map
disease-mediated changes in protein-protein interactions. This data provides a starting
point for our investigations into the potential of the C-terminal region to regulate the
scaffolding function of the protein, possibly through the modulation of interactions with
other proteins. In the future, we will explore these interactions in depth to better
understand how disease-associated alterations in CNK2 contribute to developmental
defects.
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Abstract Title: Fragile X messenger ribonucleoprotein is required by adult human
neurons to regulate neuronal excitability, which is corrected by phosphodiesterase
4D inhibition

Abstract Text: Fragile X Syndrome (FXS) is a neurodevelopmental disorder caused by
the loss of Fragile X Messenger Ribonucleoprotein (FMRP), FXS is the most common
inherited monogenic cause of autism and intellectual disability. Many characteristics of
FXS have been ascribed to increased neuronal activity and disrupted synaptic function
which have primarily been derived from rodent and stem cell studies models which lack
FMRP. However, to best model FXS, we require model experimental platforms that allow
depletion of FMRP from intact human cortical networks. To address this, we have
developed a novel in vitro model utilising organotypic brain slices of non-pathological adult
human cortex in which FMRP has been depleted using a lentiviral-shRNA construct
approach. We find that within 7-10 days in vitro, FMRP is depleted in adult human neurons
with its loss associated with elevated neuronal activity and altered action potential kinetics.
The enhanced cellular excitability was corrected following treatment with a selective
phosphodiesterase 4D inhibitor (BPN-14770), suggesting that elevated excitability in
FMRP deficient cells is likely cyclic-AMP dependent. This approach provides detailed
novel insight into the function of FMRP in mature human neurons whist concurrently
establishing a new platform for the interrogation of genes associated with, and therapies
for, neurodevelopmental disorders.
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Abstract Title: PTCHD1 modulates cytoskeleton remodeling through regulation of
Rac1 signaling pathway, with potential emerging roles during human neurogenesis.

Abstract Text: Neurodevelopmental disorders (NDDs) affect approximately 5%-15% of
the general population and currently lack effective treatments. Mutations in the X-linked
gene PTCHD1 (Patched domain containing 1) have been associated with intellectual
disability (ID) and autism spectrum disorders (ASD), yet its precise molecular and cellular
functions remain poorly understood. This study aims to unravel PTCHD1’s role in brain
development and its contribution to NDD pathology. We previously demonstrated that the
C-terminal region of PTCHD1 interacts with key scaffolding proteins of excitatory
synapses, including PSD-95 and SAP102 (Ung et al., 2018), and showed recently that
PTCHD1 deficiency in mice leads to altered PAK1 and ERK signaling, supporting its role in
synaptic function. Using co-immunoprecipitation, GST pull-down assays, and proximity
ligation techniques on mouse cortical synaptosomes, we revealed novel synaptic partners
of PTCHD1. Interestingly, we identified a potential interaction between PTCHD1 and Rac1,
a Rho GTPase implicated in actin cytoskeleton regulation and synaptic plasticity. To extend
these findings to human models, we generated hiPSC-derived neural progenitor cells
(NPCs) carrying either PTCHD1 knockout or patient-specific mutations. These models are
being used to investigate proliferation and differentiation during early neurogenesis. In
parallel, we are initiating studies in iPSC-derived cortical neurons to explore synaptic and
signaling alterations. Altogether, this work strengthens the understanding of PTCHD1
function from synaptic signaling in mice to early human neurodevelopment, highlighting its
relevance as a candidate therapeutic target in NDDs.
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Abstract Title: Regulation of neurodevelopmental genetic programs by chromatin
remodellers

Abstract Text: The functions of neurodevelopmental and autism spectrum disorder (NDD
and ASD) risk genes are poorly understood. Chromatin remodellers are a prominent
category of such risk genes as they regulate DNA structure, accessibility, and gene
expression. One of the most commonly mutated risk genes for ASD is ADNP, which we
previously showed interact with other NDD risk genes ATRX and CHD4. These data imply
that chromatin remodellers associated with NDDs might work together to regulate
neurodevelopment. To test this idea, we generated and phenotypically compared Atrx,
Adnp, and Chd4 mutants. These mutants exhibited hippocampal dysmorphogenesis at
different developmental stages, suggesting that chromatin remodeling may play a critical
role during hippocampal development. Hippocampal abnormalities are associated with
ASDs and NDDs, providing a positive link between loss of ATRX, ADNP, CHD4 function
and developmental neuropathology. This puts forward the hypothesis that chromatin
remodellers functionally cooperate and are critical for establishing gene expression profiles
that underlie hippocampogenesis. To further address this, we utilize histological
approaches to compare nuanced hippocampal defects between Adnp, Atrx, and Chd4
conditional knockout mouse models during embryonic, postnatal and adult stages. To
study the shared and divergent molecular targets driving defective hippocampal
development we use cut&run-seq of ADNP, ATRX, and CHD4 occupancy within the
developing hippocampus. We also use single cell transcriptomics to co-study nucleosome
occupancy with gene expression changes in wild-type versus knockout brains. Finally, we
interrogate possible changes in higher-order DNA structure in the mutant mice. We
anticipate that uncovering mechanisms that link chromatin remodellers to hippocampal
development will improve our understanding of ASD and NDD etiology, and help develop
or enhance therapeutic strategies.



12.

Abstract Authors: Kenta Kinjo, Norifumi Shioda

Abstract Email: 251y1034@st.kumamoto-u.ac.jp

Institution Organization: Kumamoto University / Department of Genomic Neurology,
Institute of Molecular Embryology and Genetics.

Presentation type: Poster Presentation

Abstract Title: Identification of G4s within the genome in neurodevelopmental
disorders.

Abstract Text: G-quadruplexes (G4s) are a unique nucleic acid structure that formed
when a four-stranded structure is produced within a single-stranded guanine-rich
sequence. Four guanine molecules form a square planar arrangement, termed G-quartet,
which are stacked on top of each other to form the G4s in DNA and in RNA. Recent
studies have revealed that G4s are folded in cells, which suggested their biological and
pharmacological significance in DNA replication, transcription, epigenetic modification, and
RNA metabolism. To date, G4 genome profiling has not been fully established, since
previously reported methods are subject to concerns such as difficulty in probe synthesis,
affinity, and so on. Thus, we have developed a more accurate and simpler method for G4
detection in genome. This method is highly reproducible and obtains more reliable signals
than conventional methods. In human iPS cells, G4s were formed in promoter regions in
positive correlation with gene expression. We are in the process of analyzing the G4
genome mapping in model cells for ATR-X and repeat expansion diseases associated with
G4 abnormalities.
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Abstract Title: Blood Biomarkers for Neurodegeneration and Alzheimer's Disease in
Individuals with Intellectual Disabilities: A Systematic Review

Abstract Text: Individuals with intellectual disability (ID), particularly those with Down
syndrome (DS), face a significantly increased risk of developing Alzheimer’s disease (AD)
and related neurodegenerative disorders. This elevated risk is partly attributable to genetic
factors, such as the triplication of the APP gene in DS, as well as other, less well-
understood mechanisms in non-DS ID populations. Early detection of AD in individuals
with ID is particularly challenging due to a combination of factors, including the level of
intellectual disability, atypical symptom presentation, and frequent comorbidities. Currently,
blood biomarkers for AD and neurodegeneration, such as amyloid beta (AB), tau, and
neurofilament light chain (NfL), are increasingly studied and implemented in the general
population. These biomarkers are particularly promising as they offer a minimally invasive,
cost-effective, and objectively measurable approach to detecting neurodegenerative
changes. However, their applicability in individuals with ID remains largely unclear. This
systematic review aims to synthesise current evidence on blood-based biomarkers for AD
and neurodegeneration in individuals with ID, including those with DS, rare genetic
syndromes, and ID of other aetiologies. A comprehensive literature search was conducted
across MEDLINE, Embase and the Cochrane Library using MeSH terms and relevant
keywords. A total of 2,453 records were identified, of which approximately 90 studies were
included in the final review. Methodological quality will be assessed using the Newcastle-
Ottawa Scale. A narrative synthesis will be used due to expected heterogeneity in study
designs and outcomes. Results will be presented, focusing on AB40, AB42, pTau isoforms,
tTau, NfL and GFAP levels in serum or plasma. This will yield information on the use,
scope and diagnostic potential of these biomarkers to address the unmet clinical need for
early and accurate detection of AD in this vulnerable population.
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Abstract Title: GABA transport in astrocytes is implicated in the regulation of
cortical EEG phenotypes and behaviors in mouse model of Fragile X Syndrome.

Abstract Text: Fragile X syndrome (FXS) is a leading genetic cause of autism-like
symptoms, including sensory hypersensitivity and cortical hyperexcitability, resulting from
epigenetic silencing of the Fragile X messenger ribonucleoprotein (Fmr1) gene. Recent
observations in humans and Fmr1 knockout (KO) animal models of FXS suggest abnormal
GABAergic signaling. As most studies have focused on neuronal mechanisms, the role of
astrocytes in mediating altered inhibition in FXS is largely unknown. Therefore, the main
goal of the present study was to determine how astrocytes may contribute to abnormal
GABAergic signaling and PV cell development, leading to cortical hyperexcitability and
behavioral alterations in FXS. First, we found that human FXS astrocytes differentiated
from patient-derived induced pluripotent stem cells (iPSCs) show ~7-fold increase in GABA
levels compared to their control counterparts using high-performance liquid
chromatography (HPLC). Similar to FXS human astrocytes Fmr1 KO mouse astrocytes
showed increased levels of GABA, potentially due to an up-regulation of GABA-
synthesizing enzymes GAD65/67 assessed with western blotting and immunostaining.
Second, we observed that astrocyte-specific Fmr1 deletion during P14-P28 period reduced
inhibitory connections in the cortex. Third, astrocyte-specific Fmr1 conditional KO mice
also manifested electroencephalogram (EEG) phenotypes that are remarkably similar
between the mouse model of FXS and the human condition, such as abnormal resting
delta-gamma and alpha-gamma power coupling and enhanced power of onset response to
sound trains, which were normalized following acute inhibition of GABA transport in
astrocytes with SNAP. Finally, increased locomotor activity and exploratory behaviors in
open field test, but not impaired social novelty preference, were normalized in SNAP-
treated KO mice. Our findings suggest astrocytes play a key role in the development and
function of inhibitory circuits, and GABA transport in astrocytes is potential therapeutic
target for FXS-associated phenotypes.
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Abstract Title: iPSC-derived Astrocytes with KANSL1 haploinsufficiency Reduce
Synaptic Density: Implications for Koolen-de Vries Syndrome

Abstract Text: Koolen-de Vries syndrome (KdVS) is a rare neurodevelopmental disorder
characterized by spectrum of symptoms, including intellectual disability and epilepsy. It is
caused by haploinsufficiency of the KANSL1 gene. Previous studies have primarily
focused on the neuron intrinsic role of KANSL1 and have shown that its loss reduces
synaptic density and neuronal network activity (Linda et al. in 2022). However, KANSL1 is
also highly expressed in astrocytes, which play a crucial role in synapse development.
Given that astrocytic dysfunction has been implicated in other neurodevelopmental
disorders, we aimed to investigate the role of KANSL1 in astrocytes and how its deficiency
contributes to synaptic deficits in KdVS. To address this we leveraged a newly developed
protocol for differentiating astrocytes from human induced pluripotent stem cells (iPSCs)
(Schuurmans et al., 2024). Using an all-human co-culture model where astrocytes and
neurons of different genotypes can be combined, we assessed the contribution of each
cell type to synaptic development. Our findings confirm that neuronal loss of KANSL1
leads to a reduction in colocalized Synapsin-PSD95 puncta, which indicates a decrease in
functional synapses. Interestingly, our preliminary data also suggest that loss of KANSL1
in astrocytes alone, at specific developmental stages, is sufficient to induce synaptic
deficits. We are currently investigating the underlying mechanisms using transcriptomic
and proteomic analyses to determine how KANSL1-deficient astrocytes affect neuronal
function. The results of this study will provide novel insights into the role of astrocytes in
KdVS and contribute to a broader understanding of neuron-glia interactions in
neurodevelopmental disorders.
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Abstract Title: A comparative analysis between dynamic expansion, small variants,
and deletions in Fragile X syndrome

Abstract Text: The FMR1 gene is most commonly associated with Fragile X Syndrome
(FXS) through the well-characterized dynamic expansion of CGG repeats over 200 units in
its 5' untranslated region. However, an increasing number of reports have identified
alternative genetic mechanisms contributing to FMR1-related phenotypes, including small
pathogenic variants (such as missense, nonsense, and frameshift) and full or partial gene
deletions. In this study, we systematically compare the clinical and molecular features of
FMR1 pathogenic variants arising from three different mutational mechanisms: dynamic
repeat expansions, coding region single-nucleotide variants, and structural deletions. Here
we include and characterize two FXS patients, one with a complete deletion of the FMR1
gene and the other with a nonsense variant at exon 1 of the FMR1 gene. We analyze
phenotypic similarities and differences, highlighting how each mutational class influences
cognitive, behavioral, and neurodevelopmental outcomes. Our findings provide a
comprehensive overview of genotype-phenotype correlations in FMR1-related disorders,
with implications for diagnosis, genetic counseling, and therapeutic approaches. This
comparative study emphasizes the need to consider a broader range of mutational
mechanisms in the evaluation of individuals with suspected FMR7-associated conditions.
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Abstract Title: Microglia in NDDs

Abstract Text: Microglia, the brain-resident immune cells, were long envisioned as
surveillants of the central nervous system (CNS) by orchestrating inflammatory responses.
Nowadays, this perception has shifted and microglia are emerging as key players in brain
development and homeostasis. Microglia are very motile cells, and with their ramifications
they constantly scan their cellular environment. These interactions are important for shaping
and the function of neuronal circuits. In our lab we try to understand the role of microglia in
neurodevelopmental disorders, such as autism and epilepsy, using optimized human iPSC
models of microglia, neurons and astrocytes. We have shown increased network maturation
in glutamatergic iNeurons when cultured with iMicroglia, as evidenced by shorter network
bursts earlier in development. Under seizurogenic conditions, iMicroglia displayed protective
effects against kainic acid-induced hyperactivity in glutamatergic iNeurons, promoting a
faster recovery. iMicroglia haploinsufficient for KANSL1 (underlying Koolen-de Vries
syndrome) or EHMT1 (underlying Kleefstra syndrome) fail to promote network maturation in
wildtype glutamatergic iNeurons. Our current project focuses on understanding the role of
microglia in hyperexcitable conditions, including the balance between glutamatergic (E) and
GABAergic (1) neurons, critical for healthy brain development and disruptions in this balance
are common in NDDs. We will explore the role of microglia by comparing network formation
of iPSC-derived I/E iNeurons from NDD patients and healthy donors, with and without
iMicroglia, using multi-electrode arrays. A potential signaling axis that will be explored is the
endocannabinoid system, a retrograde signaling system that modulates neurotransmission.
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Abstract Title: CREAT _criteria : a prospective study in Creatine Transporter
Deficiency (SLC6AS8) patients to determine the most relevant outcome measures

Abstract Text: Creatine Transporter Deficiency (CTD) is a rare genetic disorder related to
SLCG6AS8 pathogenic variants, leading to moderate-to-severe Intellectual Disability. As new
therapeutic avenues are emerging, it is necessary to identify objective, reliable and
sensitive outcome measures. To determine these relevant endpoints and describe
clinical/cognitive profile in CTD, using both existing neuropsychological tests, and new
outcome measures specifically developed for CTD, we performed a prospective study on
24 French Male CTD patients, 24 chronological age-matched healthy controls, and 24
mental age-matched healthy controls. We precisely described CTD developmental
trajectory, neurological/morphological examination, actimetry, cognitive assessment (Leiter,
Simple reasoning tasks on tablet with 4 increasing difficulty levels), language (PPVT-5,
EVT-3), motor assessment (kinematic task, Purdue-Pegboard), Social assessment
(ADOS, eye-tracking analysis of social visual scenes), as well as parental questionnaires
(Vineland, ABC, PDD-MRS, CBI). Moreover, neuroimaging analysis was performed
including spectroscopy with precise quantification of the creatine peak, volumetric and
diffusion analysis. We present here preliminary results on the 24 CTD patients included in
the study (mean age 16.9 years, [6.7 to 26.9]). Mean non verbal 1Q was 54.4 [30-75]. 96%
of the CTD patients could perform the first level of simple reasoning tasks (match-to-
sample), 96% the second level (categorization), 75% the SimpleMatrices task, and 71%
could perform the implicit rules learning task. Tasks on tablets could be easily performed at
home under remote supervision through visioconference. All patients were able to perform
eye-tracking analysis. The mean average steps per day was 12677. 17/24 CTD patients
were able to perform brain MRI. We showed a significant decrease in white matter volume
in CTD patients compared to chronological age-matched healthy controls. This study will
contribute to define the outcome measures that could be used in future clinical trials in
CTD patients despite their cognitive deficit.
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Abstract Title: Mitochondrial Dysfunction in Fragile X Syndrome iPSC-Derived
Neurons

Abstract Text: Mitochondria play a key role in neurodevelopment and are crucial in the
pathogenesis of neurodegenerative diseases. Fragile X-related disorders (FXDs) are
caused by CGG repeat expansions in the FMR1 gene, which encodes the brain-expressed
RNA-binding protein FMRP. Depending on the number of repeats, expansions can result in
a premutation (PM, 56—200 CGGs), a full mutation (FM, >200 CGGs), or an unmethylated
full mutation (UFM), each associated with distinct clinical outcomes. In our previous work,
we analyzed fibroblasts from FM, PM, and UFM individuals and observed an abnormal
donut-shaped mitochondrial morphology, along with excessive synthesis of key
mitochondrial proteins. These findings suggest that mitochondrial dysfunction and altered
morphology are shared features across FXD variants. To further validate these results, we
extended our analysis to Fragile X iPSC-derived neurons, including both fully methylated
and unmethylated full mutation (UFM) lines, enabling us to investigate mitochondrial
alterations in a more disease-relevant neural context. The results confirmed those
observed in fibroblasts and further extended the evidence of mitochondrial anomalies to
FXS neurons, underscoring the involvement of mitochondrial alterations in
neurodevelopment. Altogether, our findings support the notion that mitochondria represent
promising therapeutic targets for mitigating cellular stress and improving neuronal function
in Fragile X-related disorders.
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Abstract Title: The Selective NKCC1 Inhibitor IAMA-6 has Successfully Completed a
Phase-1 Trial, and Advances Toward Clinical Development for Autism Spectrum
Disorders

Abstract Text: Maintaining proper chloride homeostasis in neurons is essential for brain
development and function. Accordingly, disruptions in this balance due to altered
expression of the chloride transporters NKCC1 and/or KCC2, have been implicated in
autism spectrum disorders (ASD) such as idiopathic autism and Fragile X syndrome.
Interestingly, NKCC1 inhibition with the diuretic drug bumetanide has shown promise in
alleviating core symptoms of these conditions in both preclinical and clinical studies.
However, bumetanide’s inhibition of the kidney chloride transporter NKCC2 causes strong
diuretic effects, leading to suboptimal dosing and low compliance, which limits its potential
as viable therapy for chronic treatment in ASD individuals. To address bumetanide’s
limitations, we developed a novel class of selective NKCC1 inhibitors. The lead compound
of the class, IAMA-6, shows potent and selective inhibition of NKCC1 in vitro. In vivo,
IAMA-6 significantly ameliorates core behavioural symptoms of autism in the valproic acid-
induced mouse model of idiopathic autism and rescues both behavioural and cognitive
deficits in a mouse model of Fragile X. Importantly, IAMA-6 shows no diuretic activity in
preclinical species. After demonstrating a good safety profile in advanced preclinical
studies, we present here recent results showing that IAMA-6 was well-tolerated, exhibited
a favourable pharmacokinetic profile, and showed no diuretic effect in a first-in-human
Phase 1 clinical trial conducted in healthy volunteers. Importantly, IAMA-6 also modulated
the EEG spectrum in healthy volunteers, indicating CNS penetration and activity, a
promising indication for its potential efficacy in patients. Collectively, these findings position
IAMA-6 as a promising therapeutic candidate for ASD and lay the groundwork for its
evaluation in an upcoming Phase Il clinical trial.
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Abstract Title: Neurodevelopmental outcomes and molecular characteristics in
female children with FMR1 premutation alleles identified by cascade testing: a
preliminary cohort study

Abstract Text: Introduction: FMR1 premutation (PM) CGG repeat expansions between 55
and 200 in adults have been associated with an incomplete penetrant spectrum of
physical, cognitive, and psychiatric involvement. However, there is limited evidence
available of this association in children, especially females. Methods: This study included
10 females (aged 0.5 to 13.9 years) carrying a PM (57-97 CGG repeats), identified through
cascade testing in families with a known history of FMR1 expansions. Intellectual abilities
were assessed with age-appropriate standardized assessments. Emotional and behavioral
functioning were evaluated through parent questionnaires and autism features were
assessed with the Autism Diagnostic Observation Schedule-2nd Edition (ADOS-2). FMR1
methylation and mRNA levels, previously related to intellectual functioning in fragile X
syndrome (FXS), were assessed in venous blood, with DNA methylation analyses also
performed in buccal epithelial cells (BEC). Results: Full scale intelligence quotient scores
ranged from 92 to 121. Median ADOS-2 calibrated severity scores (CSS) of overall and
social affect autism-related features and emotional and behavioral problems as per
parental reports, were below clinical thresholds. However, 7 out of 8 participants assessed
with the ADOS-2 had restricted and repetitive behaviors CSS in the autism spectrum
range. Two participants showed elevated FMR1 DNA methylation ratio (MR) values
compared to controls (0.160-0.360 MR), with the highest value (MR of 0.487) observed in
BEC overlapping with values typically observed in females with FXS (0.4 to 0.7 MR).
Median FMR1 methylation and mRNA levels in blood, and methylation in BEC, were
comparable to controls. Conclusions: At the group level these girls with PM showed: (i) no
cognitive impairment; (ii) elevated restrictive and repetitive behaviors; (iii) FMR1
methylation and mRNA levels within control ranges. Larger unbiased studies need to
ascertain if PM poses an increased risk for sub-clinical phenotypes during childhood.
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Abstract Title: Clinical evaluation of long-read sequencing-based episignature detection
in developmental disorders

Abstract Text: Disease-specific genome-wide methylation changes characterize a subset
of developmental disorders. These episignatures inform about underlying pathogenic
mechanisms and can be used to assess the pathogenicity of genomic variants and confirm
clinical diagnoses. Currently, episignature detection requires the use of indirect
methylation profiling microarrays. As long-read-sequencing (LRS) enables the detection of
single nucleotide variants (SNVs), structural variants (SVs), and base modifications, we
aimed to assess its potential for simultaneous episignature and genomic variant detection.
Twenty patients, with thirteen distinct developmental disorders having known
episignatures, were subjected to genome-wide nanopore sequencing. We first evaluated
the compatibility of known episignatures with nanopore sequencing and subsequently
developed a support vector machine for each developmental disorders. Methylation levels
at episignature loci co-clustered disease samples and microarray-based disease
reference. Our classifier identified the correct episignature in 17/20 blinded samples. The
three remaining patients were classified as control by both our classifier and commercially
available microarray-based episignature assay. All pathogenic SNVs and SVs detected by
standard-of-care methods were identified. In addition, we were able to evaluate disease-
associated imprinted regions as well as X-inactivation. This study demonstrates nanopore
sequencing is suitable for episignature detection and underscores the value of LRS for
concurrent haplotyped genomic and epigenomic analyses.
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Abstract Title: Online associative memory testing for individuals with Fragile X
syndrome and neurodevelopmental differences.

Abstract Text:

INTRODUCTION: Fragile X syndrome (FXS) is the most common single gene cause of
intellectual disability (ID). Our laboratory has developed an online test, known as "The
Memory Game” based on pictures which can be performed on individuals with ID like in
FXS.

METHODS: After online consent, participants viewed a short tutorial providing instructions
on how the test will be carried. The study included typical development (TD) and FXS
individuals. After learning the pairs, participants were asked to match the correct pairs right
after training (day1) as well as 24 hours later (day 2). Individuals performed two tasks:
object recognition and a more complicated paired association task. Statistical Mann-
Whitney U Tests were used.

RESULTS: On both day 1 (learning) and day 2 (memory) FXS individuals showed
significant impairments in recognition (R) and paired association (PA) tasks in males aged
6-11 (Day 1: R=p<.001, PA=p<.0001, N=11 TD and 32 FXS; Day 2: R=p<.01, PA=p<.05
N=4 TD and 30 FXS), compared to TD individuals. While FXS males aged 12-17 and FXS
females aged 5-11 showed differences only on the recognition task on Day 1 (p<.05;
N=5TD and 19 FXS for males and N=12 for TD and 3 FXS females), the other age groups
in both genders showed no significance.

CONCLUSIONS: We found that individuals with FXS were generally able to perform
associative memory testing using online remote picture based testing. FXS males ages 6-
11yo have impairments in their ability to learn and memorize in both tasks compared to
TD. Future work will focus on identifying factors which lead to higher performance in
individuals with FXS as well as developing ways to integrate direct measures of the degree
of attention displayed by participants.
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Abstract Title: Dissecting FMRP Functional Domains to Restore Translation Control
in Fragile X Syndrome

Abstract Text: Fragile X Messenger Ribonucleoprotein (FMRP) is an RNA-binding protein
that regulates multiple stages of mMRNA metabolism, though its full range of functions
remains incompletely understood. Loss or mutation of FMRP causes Fragile X Syndrome
(FXS), the most common inherited intellectual disability and a significant genetic
contributor to autism spectrum disorders. FMRP contains multiple domains that interact
with proteins, mMRNAs, and non-coding RNAs, supporting its role in diverse cellular
processes. Structurally, FMRP is a protein of 632-amino acid protein composed of three
regions: an N-terminal with Tudor (TD1, TD2) and KHO domains, a central part with KH1
and KH2, and intrinsically disordered C-terminal, all RNA-binding, though their specific
roles are unclear. A major function of FMRP is translational repression through interaction
with CYFIP1 and elF4E, a mechanism essential for synaptic plasticity and long-term
memory. In the absence of FMRP, dysregulated translation leads to overexpression of
neuronal proteins, contributing to FXS pathogenesis. This study aims to dissect the
function of individual FMRP domains and their impact on protein synthesis and dendritic
spine morphology. We seek to design miniature, functional versions of FMRP that retain its
critical activities while being easier to deliver to the nervous system. As a first step, we
used HEK293T cells, which share ~90% of expressed genes with the human brain, to
examine proteins interactions. Cells were transfected with constructs encoding various
FMRP fragments (individual domains or in combination), and recombinant proteins were
expressed in E. coli. Preliminary pulldown, immunoprecipitation, and localization
experiments suggest that the TD1TD2KHO fragment (1-202 aa) can independently bind
key partners, including elF4E, CYFIP1, and others. These findings will be validated in
Fmr1-knockout neurons to determine which domains most effectively restore translation
control and dendritic spine morphology. Such mini-domains may represent a new and
promising therapeutic strategy for FXS.
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Abstract Title: Investigating the molecular mechanisms underlying SETBP1
haploinsufficiency disorder

Abstract Text: SETBP1 haploinsufficiency disorder (SETBP1-HD) is a rare condition
caused by heterozygous pathogenic loss-of-function mutations in SETBP1, and
characterized by a host of neurodevelopmental phenotypes, including autism spectrum
disorder, speech impairment, developmental delay, and intellectual disability among
others. Despite the essential role of SETBP1 in brain development and function, the
specific mechanisms by which its disruption leads to neurodevelopmental disease and the
downstream target genes and pathways involved remain unknown. Using mouse models
and single-cell genomics, we aim to investigate the brain-specific role of SETBP1 in
neurodevelopment and behavior, focusing on its function in establishing cell identity and
identifying its downstream targets. Our goal is to uncover how SETBP1 disruption leads to
the neurodevelopmental phenotypes observed in SETBP1-HD, identify potential
therapeutic targets, and shed light on the pathogenesis of the disorder, ultimately paving
the way for targeted therapies.
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Abstract Title: Evaluation of MRM-3379, a PDE4D inhibitor, in a mouse model of
Fragile X Syndrome

Abstract Text: Background: Fragile X Syndrome (FXS) is the most common form of
inherited intellectual disability that is associated with a range of developmental issues
including cognitive dysfunction, anxiety, and social and behavioral challenges. FXS is
caused by a repeat expansion of the fragile X messenger ribonucleotide (FMR1) gene.
Phosphodiesterase 4D (PDE4D) inhibitors enhance cAMP signaling, which is decreased in
individuals with FXS. The aim of this study was to evaluate the effects of MRM-3379, a
PDE4D inhibitor with favorable brain/plasma distribution, on ameliorating the FXS
phenotype in multiple behavioral assays in an FMR1 knockout (KO) mouse model.
Methods: Each treatment group included 10 adult male mice. Wild-type (WT) and FMR1
KO mice were treated daily for 14 days with vehicle, zatolmilast (0.3 mg/kg) or MRM-3379
(0.03 mg/kg or 0.1 mg/kg) PO. After two weeks of treatment, mice were evaluated for
locomotor activity, social novelty, nesting, and marble burying behaviors. Data were
analyzed by 1-way ANOVA followed by pairwise post-hoc comparisons with Tukey’s test.
Results: Across all behavioral tests MRM-3379 fully reversed the behavioral phenotype of
the FMR1 KO mice (p-value for all comparisons <0.0001). Effects of MRM-3379 were similar
to those of zatolmilast at 10-fold lower doses.

Conclusions: These findings demonstrate that MRM-3379 can affect multiple behavioral
domains relevant to the FXS phenotype. Furthermore, MRM-3379 fully recapitulated WT
activity in a mouse model of FXS at a 10-fold lower dose than zatolmilast. The consistent
efficacy of MRM-3379 across doses and behavioral assays supports its potential as a
therapeutic candidate for FXS.
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Abstract Title: Preclinical and Clinical Evaluation of a Novel GPCR Modulator in
Fragile X Syndrome

Abstract Text: Fragile X Syndrome (FXS) remains without effective therapeutic options,
creating an urgent need for treatments addressing the broad spectrum of symptoms that
evolve across different life stages. We identified a novel compound addressing four common
pathological mechanisms underlying various neurodevelopmental disorders including
autism spectrum and cognitive disorders.

This new molecular entity (NME) demonstrates a unique quadruple mechanism that restores
and induces hormones, second messengers, neurotransmitters, and neurotrophic factors
simultaneously—all of which are typically reduced in FXS and various neurodevelopmental
disorders and contribute to diverse symptoms.

Preclinical evaluation in FXS mouse models including the Fmr1 KO model demonstrated
maximal therapeutic efficacy across all seven tested behavioral measures, including
improvements in stereotypy, anxiety, hyperactivity, aggression, social interaction, memory,
and learning. Remarkably, effects persisted after treatment washout, suggesting disease
modification and potential structural changes in neurological tissue. Investigation of
pyramidal cells in the CA1 region of hippocampal tissue following chronic treatment revealed
restoration of dendritic spine density to normal levels, particularly on the apical side,
indicating normalization of synaptic pruning processes. These neurological improvements
likely contributed to the observed behavioral enhancements including memory
improvement.

With significant safety profile confirmed in GLP toxicology studies, we progressed to Phase
| clinical trials in humans, where safety, tolerability, and ADME profiles were confirmed. We
are currently preparing for Phase Il studies.

At this conference, we will present data from preclinical studies through first-in-human
clinical results, demonstrating the therapeutic potential of this novel approach for FXS
treatment.
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Abstract Title: A missense variant in the KHO-domain of FMRP downregulates the
protein in a patient with the clinical hallmarks of fragile X syndrome

Abstract Text: The majority of patients affected by fragile X syndrome (OMIM #300624), a
common inherited form of autism spectrum disorders and intellectual disability, displays a
CGG triplet repeat expansion in the Fragile X messenger ribonucleoprotein 1 (FMR1) gene
promotor, resulting in hypermethylation and epigenetic silencing of the associated FMRP
protein. A handful of missense variants have been described as causative for fragile X
syndrome and only the p.Arg138GIn variant has been reported as recurrent. Here, we
present a 23-year-old male subject with the clinical characteristics of fragile X syndrome
who is diagnosed with the maternally inherited missense variant c.500A>C, that translates
proline at amino acid residue 167 instead of glutamic acid (p.GIn167Pro), but without an
FMR1 repeat expansion. Western blotting experiments demonstrated that the GIn167Pro
mutant showed a remarkable reduction of FMRP expression in lymphoblastoid cell lines,
paralleled by similar observations in a HEK293T overexpression system. Subsequent
lymphoblastoid transcriptome analysis showed a dysregulated gene signature with
significant overlap with that observed in patients with a fragile X repeat expansion. Genome-
wide methylation analysis confirmed hypomethylation of the FMR71 promotor region,
indicative for expression of the gene. This report suggests that the FMR71 c.500A>C
(p-GIn167Pro) missense variant is causative for a fragile X syndrome phenotype with a
disrupted molecular gene signature characteristic for the syndrome and illustrates the use
of an ID gene panel as a complementary diagnostic tool in case of a negative CGG repeat
expansion test.
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