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Abstract

Hypotonia Ataxia and Delayed Development Syndrome (HADDS) is a neurodevelopmental syndrome due to missense pathogenic variants of the EBF3 gene, located on
chromosome 10g26.3. In most cases, these variants appear de novo and the transmission is autosomal dominant. HADDS would affect about 200 people worldwide
and is characterized by a high clinical variability in the expression of these different symptoms : severe hypotonia, failure to thrive, psychomotor delay, digestive and
feeding disorders, vesicoureteral anomalies, strabismus, and moderate facial dysmorphia. Although our knowledge is still limited, the significance of these symptoms
seems to depend upon the EBF3 expression during embryogenesis. Animal studies suggest that EBF3 plays a critical role in neuronal migration and differentiation
and interacts with CDKN7A, NeuroD, and ARX regulation pathways. With respect to diaphragmatic and vesicoureteral dysfunction and hypotonia, EBF3 appears to
be involved in myocyte calcium metabolism. In addition, £BF3 has recently been identified as a novel tumor suppressor gene in some cancers. Further research on
the EBF3 gene and the associated pathological pathways is needed to improve our understanding of HADDS and to provide appropriate care for such rare diseases.

Introduction

Worldwide, several million children are born each year with neurological
disturbances or with congenital neurodevelopmental disorders.
Historically, their diagnosis relied on clinicians' ability to recognize and
associate clinical signs and compare them with previously reported
cases in the literature. The development of genetic techniques has made
it possible to associate certain clinical signs based on the detection of
chromosomal aberrations, and more recently, through the detection of
pathogenic variants at the molecular level, thus becoming diagnostic
markers. Over the last two decades, advances in molecular biology have
focused on studying the disorders associated with these pathogenic
variants. The intention has been to study their consequences in order
to understand the biochemical mechanisms behind the expression
of specific clinical and biological signs specific to these syndromes.

The case we report concerns a child with a significant developmental
delay and clinical signs indicative of a rare syndrome : Hypotonia Ataxia
Delayed Development Syndrome (HADDS). The discovery of a pathogenic
variant in molecular biology allowed us to define the diagnostic marker.
Beyond the identification of this anomaly and the gene whose expression is
disturbed by it, it is interesting to analyze the neurobiological disturbances
susceptible to explain the different symptoms.

Case report

A Caucasian girl was born by cesarean section at 36 weeks to non-
consanguineous parents with no significant medical history. Her birth
weight was 2.605 kg. She was born with mild respiratory distress
requiring short-term non-invasive respiratory support, followed by a
few hours of monitoring in the neonatal intensive care unit (NICU). The
Guthrie test was negative.

Since her birth, she has been described by her parents as a rather quiet
child, not very mobile and lacking energy. Not very reactive, she does not
smile or cry vigorously. In spite of a very intense psychomotor rehabilitation
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program, her evolution remained very slow. She was able to develop eye
contact and visual exchange with smiling. Archaic and osteotendinous
reflexes were present, and no acute neurological events, such as seizures,
were described. Her evolution was characterized by severe hypotonia,
slow weight gain and significant failure to thrive (Figure 1), pathological
gastroesophageal reflux and severe feeding difficulties leading to dehydration
episodes requiring hospitalization, and chronic constipation resistant to
conventional treatments. No swallowing problems were reported. She was
initially fed through a nasogastric tube. However, this method was quickly
proved to be insufficient and justified gastrostomy placement at 18 months

Figure 1: Weight curve showing an important slow weight gain and a
significant failure to thrive < P3. She was initially fed by nasogastric tube.
This method quickly proved to be insufficient and justified the gastrostomy
placement at the age of 18 months.
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Figure 2: Brain MRI shows a discrete alteration of the cerebral gyration made of deeper sulci in the frontal area

because HADDS is characterized by a wide
clinical variability with each symptom (Table 2).
Moreover, no correlation could be established
between the position of the affected amino acids
and the clinical signs. Nevertheless, moderate
facial dysmorphia, hypotonia, and ataxia were
observed in 88.2%, 82.9%, and 81.5% of these
patients respectively. Strabismus was described
in 81% of the cases. Developmental delay was
reported in 95.1% of the cases. This includes
learning difficulties in reading and writing, as
well as a speech delay, some children remain
nonverbal. In addition, most of the time a
pronunciation defect persists. Developmental

of age (Figure 1). She also had grade Il left vesicoureteral reflux, which was
responsible for recurrent urinary tract infections. Cardiac check-up was
normal. A comprehensive workup was performed which allowed to rule
out neuromuscular pathology, gastrointestinal pathology, malabsorption,
endocrine or metabolic disorders. Her brain MRI showed a discrete alteration
of the cerebral gyration consisting of deeper sulci in the frontal area (Figure
2). Routine genetic studies were also inconclusive, both fort the molecular
karyotype and for any other syndromic research.

Despite a multidisciplinary rehabilitation program, her follow-up was
still characterized by severe hypotonia and psychomotor retardation. At
the age of 20 months, she could turn around and sit up by herself for
shorts periods of time. She couldn’t walk, even with assistance, but could
crawl only on short distances. She had eye contact and eye tracking
but did not speak. She could make only a few cries and babbles. Eight
months later, she begins to say a few words such as mom and dad. She
can now stand without help and presents with ataxia ; she can also
take a few steps with a walker. Some dysmorphism was reported with a
broad forehead and low implanted ears. She also presented with right
convergent strabismus. Finally, a whole-body x-ray revealed scoliosis.

Ultimately, the association of the symptoms led to perform a whole exome
sequencing. This revealed a de novo missense EBF3 pathogenic variant
€.626G>A (p.Arg209GIn).

Discussion

Hypotonia Ataxia Delayed Development Syndrome (HADDS) is
characterized by the association of several major symptoms albeit of
variable expression : severe hypotonia, ataxia, psychomotor delay, failure
to thrive, digestive and feeding disorders, vesicoureteral anomalies,
strabismus, and moderate facial dysmorphia. It was first described in
Texas in 2016 (1). Specifically, HADDS is a neurodevelopmental syndrome
caused by missense pathogenic variants of the EBF3 gene located on
chromosome 10026.3.

Based on available information from the HADDS Foundation, EBF3
pathogenic variants affect approximately 200 people worldwide. The
incidence of EBF3 pathogenic variants is estimated to be approximately
3 per 100 million people and affect both sexes equally (1). The EBF3
gene is located on chromosome 10 at position 10926.3. Each structural
protein of EBF3 is composed of a DNA binding domain (N-terminal),
a transcript factor/Ig-like/plexin domain of unknown function, a helix-
loop-helix domain (critical for homo- and hetero-formation), and a
C-terminal transactivation domain (2-5). According to the literature, the
most commonly described pathogenic variants are missense variants
are the most frequently described (54% of cases). Duplications (18%
of cases), nonsense mutations (15% of cases), frameshifts (8% of
cases), and splice-site (5% of cases) have also been described. In
most cases, these variants appear de novo and result in loss of gene
function. Transmission is autosomal dominant. A literature review is
provided in Table 1.

According to Gene Reviews, only 42 cases of HADDS from 39 unrelated
families have been identified (6). Their phenotypes are extremely variable

delay also includes delayed motor development.
MRI abnormalities were found in only 35.3% of the patients. Genitourinary
anomalies and digestive disorders are described in 34-51% of the cases.
Failure to thrive and/or short stature affect approximately half of the
patients. Additional clinical signs such as autistic features, behavioral
disorders, epilepsy, high pain tolerance, or musculoskeletal anomalies,
are described in only 24-41% of the cases. Finally, it is important to note
that there is a significant phenotypic overlap between patients with an
EBF3 pathogenic variants and patients with larger microdeletions in the
terminal portion of chromosome 10 (7, 8).

The pathophysiology of HADDS is summarized on Figure 3. EBF3
interacts with several cofactors involved at different stages of brain
development such as CDKN7A, NeuroD and ARX (2, 4, 9-13). Itis involved
in the Cajal-Retzius migration process, the regulation of the cell cycle
within the ventricular zone and their migration to the cortex as well
as the differentiation of some classes of neurons. This does not lead
to spectacular malformations but to subtle disturbances of neuronal
organization and intracortical relations (10). The ultimate consequence
is an intellectual disability and a mental retardation (14, 15). As in the
central nervous system, EBF3 interacts at muscular level with a few
factors and peptides, such as myoD protein, ATP2a1, and SERCAT.
These proteins are essential to maintain an proper contractility of the
sarcolemma and influence Ca2+ transport within the muscle fibers
(16). The role of £EBF3in urinary disorders remains unclear. It appears
to influence similar molecular and cellular processes in sphincter
contractility as they do in muscle tissue (4, 10, 11). It may involve
dysregulation of several cofactors such as ARX, HPSE2 and LRIG2, which
are also involved in the Uro-Facial Syndrome (11). Disturbances in muscle
contractility may also be hypothesized to explain intestinal dyskinesia
and constipation. In addition, EBF3 has recently been identified as a
novel tumor suppressor gene in some cancers by inducing apoptosis
(2, 4, 5). Notably, none of the HADDS cases reported to date have been
associated with oncologic disease.

Figure 3: Pathophysiological mechanism of EBF3 gene. The significance of
the different symptoms of HADDS seem to rely upon the EBF3 expression in
different tissues during embryogenesis.
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Table 2: Prevalence in the literature of clinical signs observed in HADDS. REFERENCES
1. EBF3_HADDS_Foundation. HADDS Education Packed. Houston, Texas, USA:
Prevalence in the literature EBF3 HADDS Foundation; [cited 2023 February 20]. Available from: https://
www.hadds.org/.
Hypotonia 82,9% 2. Harms FL, Girisha KM, Hardigan AA, Kortiim F, Shukla A, Alawi M, et al. Mutations
; . in EBF3 Disturb Transcriptional Profiles and Cause Intellectual Disability, Ataxia,
Ataxia 81,5% and Facial Dysmorphism. Am J Hum Genet. 2017:100(1):117-27.
Developmental delay 3. Blackburn PR, Barnett SS, Zimmermann MT, Cousin MA, Kaiwar C, Pinto EVF,
- Intellectual deficiency et al. Novel de novo variant in EBF3 is likely to impact DNA binding in a patient
- Motor delay 95,1% with a neurodevelopmental disorder and expanded phenotypes: patient report,
- Speech dela in silico functional assessment, and review of published cases. Cold Spring Harb
P v Mol Case Stud. 2017;3(3):a001743.
Moderate dysmorphia 88,2% 4. Tanaka AJ, Cho MT, Willaert R, Retterer K, Zarate YA, Bosanko K, et al. De novo
— . variants in EBF3 are associated with hypotonia, developmental delay, intellectual
Epileptic seizures 24% disability, and autism. Cold Spring Harb Mol Case Stud. 2017;3(6).
Autistic features and/or behavioral disorders 29,29 5. Sleven H, Welsh SJ, Yu J, Churchill MEA, Wright CF, Henderson A, et al. De Novo
’ Mutations in EBF3 Cause a Neurodevelopmental Syndrome. Am J Hum Genet.
Abnormal RMI 35,3% 2017;100(1):138-50.
- ) 6.  Narayanan DL, Kutsche K, Girisha KM. EBF3 Neurodevelopmental Disorder. Gene
Strabismus 81% reviews: University of Washington, Seattle, Seattle (WA); 2021.
Failure to thrive and/or short stature 51,4% 7. Ignatius E, Puosi R, Paloméki M, Forsbom N, Pohjanpelto M, Alitalo T, et
al. Duplication/triplication mosaicism of EBF3 and expansion of the EBF3
Genito-urinary abnormalities neurodevelopmental disorder phenotype. Eur J Paediatr Neurol. 2022;37:1-7.
- Recurrent urinary tract infections 8. Mardo V, Hultén M, Chao HT. 10925 and 10426 deletions Oxted, Surrey, UK:
- Vesicoureteral reflux rarechromo.org; 2022 [cited 2023 February 20]. Available from: https://
- Neurogenic bladder rarechromo.org/media/information/Chromosome%2010/10q25%20and%20
- Renal disorder 51,2% 10026%20deletions%202022%20FTNW.pdf.
- Micropenis 9. Chao HT, Davids M, Burke E, Pappas JG, Rosenfeld JA, McCarty AJ, et al. A
- Phimosis Syndromic Neurodevelopmental Disorder Caused by De Novo Variants in EBF3.
- Cryptorchidism Am J Hum Genet. 2017;100(1):128-37.
- Bicornuate uterus 10. D'Arrigo S, Moscatelli M, Ciaccio C, Pantaleoni C, Castello R, Chiapparini L.

Gastrointestinal disorders Abnormal cerebellar foliation in EBF3 mutation. Neurology. 2020;94(21):933-5.

- Gastro-esophageal reflux/dysphagia 11, Harkness JR, Beaman GM, Teik KW, Sidhu S, Sayer JA, Cordell HJ, et al. Early

- Feeding difficulties 34,1% B-cell Factor 3-Related Genetic Disease Can Mimic Urofacial Syndrome. Kidney

- Constipation Int Rep. 2020;5(10):1823-7.

- Inguinal hernia 12. Dubois L, Vincent A. The COE--Collier/OIf1/EBF--transcription factors: structural
conservation and diversity of developmental functions. Mech Dev. 2001;108(1-

Musculoskeletal abnormalities 2):3-12.

- Syndactyly 2nd/3rd toe 13. Lopes F, Soares G, Gongalves-Rocha M, Pinto-Basto J, Maciel P. Whole Gene

- Scoliosis M .5% Deletion of EBF3 Supporting Haploinsufficiency of This Gene as a Mechanism

- Pectus excavatum ’ of Neurodevelopmental Disease. Front Genet. 2017:8:143.

- Muscle weakness/cramps

14. GeneCards. CDKN1A Gene - Cyclin Dependent Kinase Inhibitor 1A. Rehovot,
Israel: Weizmann Institute of Science 2023 [cited 2023 February 20]. Available
from: https://www.genecards.org/cgi-bin/carddisp.pl?gene=CDKN1A.

- Pes planus

Heart defects <5%

15.  GeneCards. NeuroD1 Gene - Neuronal Differentiation 1. Rehovot, Israel: Weizmann
Pathogenic variants Institute of Science 2023 [cited 2023 February 20]. Available from: https://www.
9 genecards.org/cgi-bin/carddisp.pl?gene=NEUROD18&keywords=neuroD.

- Missense 54%

- Nonsense 15% 16. Beecroft SJ, Olive M, Quereda LG, Gallano P, Ojanguren |, McLean C, et
- Duplication 18% al. Cylindrical spirals in two families: Clinical and genetic investigations.
- Frameshift 8% Neuromuscul Disord. 2020;30(2):151-8.

- Splice-site 5% 17. Hildebrand MS, Jackson VE, Scerri TS, Van Reyk O, Coleman M, Braden RO, et

al. Severe childhood speech disorder: Gene discovery highlights transcriptional

dysregulation. Neurology. 2020;94(20):e2148-e67.

Currently, there is no cure for HADDS. Only symptomatic treatments can ~ 18. Husson T, Lecoquierre F, Cassinari K, Charbonnier C, Quenez 0, Goldenberg A, et

improve the quality of life. Multidisciplinary care involving psychologists, al. Rare genetic susceptibility variants assessment in autism spectrum disorder:
p a . y . .p y ) 9 psy .g . detection rate and practical use. Transl Psychiatry. 2020;10(1):77.

speech therapists, physical therapists, and occupational therapists is

: ; : ; ; ; 19. Monies D, Abouelhoda M, Assoum M, Moghrabi N, Rafiullah R, Aimontashiri N,
essential. Assessing the prognasis of HADDS patients remains chiallanging et al. Lessons Learned from Large-Scale, First-Tier Clinical Exome Sequencing

due to the recent discovery of this syndrome (1). in a Highly Consanguineous Population. Am J Hum Genet. 2019;105(4):879.

: 20. lossifov I, 0'Roak BJ, Sanders SJ, Ronemus M, Krumm N, Levy D, et al. The
COI’IC|USIOI'I contribution of de novo coding mutations to autism spectrum digorder. Nature.
HADDS is an extremely rare genetic syndrome in which the principal 2014;515(7526):216-21.
symptoms of severe hypotonia, ataxia, global developmental delay, 21. Ignatius E, Isohanni P, Pohjanpelto M, Lahermo P, Ojanen S, Brilhante V, et al.
strabismus, failure to thrive, and muscular dysfunction appear to be linked Genetic background of ataxia in children younger than 5 years in Finland. Neurol

to a pathogenic variant of the £BF3 gene. Other clinical manifestations Genet. 2020;6(4):6444.

have been reported with a large inter-individual variability. Further
research on the EBF3 gene and the associated pathological pathways is
needed to improve our understanding of HADDS and provide appropriate
care in such rare diseases.
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