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ARTICLE INFO ABSTRACT

Keywords: Hypotonia, Ataxia, and Delayed Development Syndrome (HADDS), triggered by EBF3 mutations,
EBF3 gene is a neurodevelopmental disorder syndrome characterized by hypotonia, ataxia, and develop-
HADDS mental delay. The affected individuals often are unable to care for themselves, which has a sig-
Neurogenic bladder . . . - . . . .
Hypotonia nificant impact on society and families. Hence, prenatal screening and diagnosis are particularly

important. However, symptoms and signs of HADDS caused by mutations in EBF3 have not been
studied until now. Herein, we report the case of a 1-year-old boy carrying a heterozygous point
mutation in the EBF3 gene (c.271 del, p. Asp91Thrfs*41), who had typical signs and symptoms of
mental retardation, hypotonia, developmental delay, neurogenic bladder, constipation, and
Pectus excavatum, in addition to atypical facial features. HADDS was diagnosed by Whole Exome
Sequencing on a family trio (Trio-WES) for recurrent urinary tract infection with dysuria at 6
months of age, with a normal karyotype and chromosomal microarray analysis (CMA). The
variant is a de novo shifted code mutation, which expands the pathogenic gene spectrum of EBF3.
Furthermore, we did a retrospective analysis of HADDS patients with a history of pregnancy and
childbirth. We emphasized that reduced fetal movement, systematic ultrasound scanning, and
fetal MRI might add evidence for prenatal diagnosis. The study is the first to explore prenatal
screening for this EBF3 gene-related HADDS and is of great relevance.

Prenatal features

1. Introduction

Early B cell factor 3 (EBF3), located on chromosome 10q26.3, is a highly conserved member of transcription factor (TF) super-
family, which involved in cellular development and differentiation across species. Mutations in EBF3 is linked to hypotonia, ataxia,
and delayed development syndrome (HADDS). In 2017, three research groups confirmed this gene-disease association [1-3]. The
disorder is characterized by hypotonia, ataxia, and intellectual disability (ID), and distinct facial features such as a long face, prom-
inent forehead, high nasal bridge, deep philtrum, straight eyebrows, short wide chin, mild dysmorphic ears, and strabismus; Rare,
congenital malformations may affect the genitourinary system [4,5], the gastrointestinal tract, or musculoskeletal system. Normal
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intelligence has also been reported, but with neurodevelopmental disorders [4]. In 2021, the first pathogenic mutation linked to
HADDS was identified in a Chinese patient, who, besides the typical symptoms, showed new symptoms like hemangiomas, mild
hearing abnormalities, and tracheomalacia, broadening the syndrome’s known characteristics [6]. To date, approximately nearly 100
patients have been reported [7].

HADDS is a monogenic genetic disorder causing severe motor and cognitive deficits, with no cure. Prenatal signs like congenital
hypotonia, ataxia or ID are often very subtle and easily missed. A 2023 study by T Weissbach et al. found that non-specific signs such as
polyhydramnios, persistent breech presentation, intrauterine growth restriction and reduced fetal movement are significantly more
common in patients with congenital hypotonia. Common prenatal signs of hypotonia are structural abnormalities, decreased fetal
movement, joint contractures, and testicular descent at or beyond 30 weeks [8]. However, to date, no studies have specifically
explored the prenatal specific signs of HADDS caused by EBF3 mutations. Here we present a case of HADDS owing to EBF3 mutation
(c.271 del, p. Asp91Thrfs*41). Prenatally, the patient showed only a nuchal cystic hygroma but later presented with urinary symp-
toms, delayed motor, speech development and PE. This de novo mutation, confirmed by sanger sequencing and absent in the general
population, is classified as pathogenic according to ACMG. Our study expanded the mutational spectrum of causative gene.
Furthermore, we retrospectively analyzed the reported cases of HADDS caused by EBF3 mutations, with a focus on prenatal symptoms.
We aim to identify specific and nonspecific prenatal indicators for early diagnosis. The research covers prenatal signs, recent advances,
management, and genetic counseling for HADDS caused by EBF3 mutations.

2. Case presentation

The patient, a 1-year-old male with local parents, had a 28-year-old mother who reported no family or personal history of he-
reditary or congenital anomalies. Early pregnancy ultrasound showed a CRL of 56.6 mm, consistent with gestational week and revealed
a single live fetus with a nuchal cystic hygroma (Fig. 1). The thickness of the nuchal translucency (NT) was 6.5mm. Chorionic villus
sampling revealed a normal karyotype with chromosomal microarray analysis (CMA). Routine ultrasound scanning at 18 weeks
showed normal fetal morphology and nuchal fold thickness (5.6mm). Fetal echocardiography was also normal. Subsequent ultrasound
examinations at 24, 28 and 32 weeks respectively showed normal fetal structure, meridian and amniotic fluid volume. The proband
was born at 39 weeks via vaginal delivery, weighting 3700g and appeared free of malformations. At 2 months, he began experiencing
recurrent urinary tract infections, slow weight again and constipation. He was breastfed until 5 months and then switched to formula
feeding due to diarrhea.

At 6 months old, the proband was referred to Guangzhou Women and Children’s Medical Center for recurrent abnormal urinalysis
and subsequent dysuria. Upon admission, the physical examination: He had normal development and nutrition. Both the anterior and
posterior fontanels were closed. There were no abnormal in the eye, ear, nose, and mouth. Neck was soft, no resistance; sternal
depression was seen (Fig. 2b). No abnormal cardiopulmonary findings were noted. Abdomen and external genitalia showed no obvious
abnormality. Laboratory tests: Blood routine and liver function were normal; Urine biochemical indexes was approximately normal
(cystatin C 1.09mg/L1, creatinine 13umol/L). But renal tubulointerstitial has damaged (urine microalbumin (UAlb)/creatinine (Cr)
9.7ug/pmol1, urine N-acetyl-p-D-glucosaminidase (uUNAG)/creatinine (Cr) 2.1U/mmol?1); Urinary ultrasound showed bilateral ureteral
distension, mild bilateral hydronephrosis, and multiple stones in both kidneys (Fig. 3). Cystography showed regular bladder
morphology, trabecular formation, and multiple diverticula; The left renal pelvis and ureter were dilated, and no reflux was observed
on the right side; the urethra was patent during the voiding phase, and no reflux of contrast into the ureter was visible (Fig. 4),
suggesting neurogenic bladder and left vesicoureteral reflux. Cardiac ultrasound was unremarkable except for the patent foramen
ovale. MRI scan of lumbosacral spine showed no abnormality (Fig. 5). After the above examinations, neurogenic bladder and abnormal
bladder function (bladder neck elevation) were considered, and cystoscopy was performed, after which the patient was discharged
with a urinary catheter.

Fig. 1. Prenatal ultrasound showed Nuchal cystic hygroma. (a) Sagittal view of the fetus showed a cystic mass on the back of the neck with visible
reticular division; (b) Transverse section of fetal head and neck showed the same result.
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Fig. 2. Pictures of the proband. (a) Atypical facial features are visible. (b) Chest examination of the proband showed pectus excavatum. (c) After
cystostomy, the incision healed well.

Fig. 3. Ultrasound images from bilateral kidneys and ureters of proband. (a) and (b) Ultrasound of the left kidney showed renal stones with
hydronephrosis; (c) and (d) Ultrasound of the right kidney is similar to that of the left.

After discharge, the patient underwent whole-exome sequencing (Trio-WES) at an external institution, revealing a de novo c.271del
(p. Asp91Thrfs*41) mutation in the EBF3 gene (Fig. 6). His parents had the wild-type allele. PS2 evidence was available. The mutation
likely caused a frameshift and premature stop codon, indicating a loss of function. PVS1 evidence was available. The variant was not
found in the population frequency databases, PM2_Supporting evidence was available. According to the ACMG guidelines, PVS1, one
PS2 and one PM2 _Supporting is sufficient evidence for a “pathogenic” classification for this variant. The mutation is linked to hy-
potonia, ataxia, and delayed development syndrome (HADDS), inherited autosomal dominant. The proband underwent cystostomy at
7 months at Guangzhou Women and Children’s Medical Center and recovered well. However, he was still constipated. Barium enema
revealed a somewhat narrowed lower rectum and a slightly dilated distal bowel. Anal manometry was grossly normal, and no rectal
stenosis was detected. At 10 months, the patient referred to our department for developmental delay. He had atypical facial features
(Fig. 2a), developmental delay and intellectual disability. In the physical movement examination, he had no head control and was
unable to sit, roll, stand, or speak. As in addition, he had short attention span, decreased sensitivity to pain and stereotyped move-
ments. All of these phenotypes were matched well with HADDS.
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Fig. 5. Magnetic resonance imaging of the lumbosacral spine from the proband. (a) and (b) Sagittal Lumbosacral MRI showed there is no ab-
normality in the distribution of spinal cord, conus medullaris and cauda equina; (c) and (d) Lumbosacral magnetic resonance cross section showed
bilateral pyelectasis and thickened bladder wall.
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Fig. 6. Sanger sequencing results of the proband and his parents. (a) The proband was identified to be de novo heterozygous; (b) and (c)
Figures showed his parents were wild type. Black arrows indicate the mutation sites.
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3. Literature review

A systematic search of publications on EBF3 was performed in PubMed. The retrieval time was up to April 2024. The following
keywords were used: EBF3. A total of 121 full articles were initially retrieved. After careful review, only 5 studies involving 7 patients
with antenatal signs were deemed suitable [2,5,6,9,10]. Including our patient, the total was 8. Information on age, sex, mutation site
and mutation type, prenatal ultrasound abnormalities indicators, mode of delivery and MRI was extracted, collated and analyzed, as
shown in Table 1. The minimum age was 10 months, and the maximum age was 11 years. The male to female ratio was 3:5. 6 cases
were point mutation and 2 cases were deletion. Of these point mutations, 5 cases were missense mutation, 1 case induced frameshift
mutation. We discovered that the prenatal features appeared to be relatively specific. There were three patients with growth retar-
dation, two patients with decreased fetal movement, and one patient each of oligohydramnios, breech presentation, distended bladder,
and undescended testes; Case 5 was born with a markedly distended abdomen and abnormal urination. Urethral stenosis with atonic
bladder was later discovered. In addition to respiratory distress and hypotonia, case 6 presented at birth with left abdominal crypt-
orchidism and hypermobility of the right testis as well as mild hydrocele. And yet the dystonia and testicular problems, which were not
reported during pregnancy, were discovered after birth. Some screens are not indicated routinely during pregnancy, such as testicular
position, which could be highly susceptible to a missed diagnosis. Some patients may present with more than one non-specific
manifestation, and only the case we report showed nuchal cystic hygroma in the fetal period. Except for our patient who did not
undergo MRI, five of the seven patients had MRI abnormalities. The mode of delivery was determined by usual obstetric or fetal in-
dications, and no specific pattern was found.

4. Discussion

HADDS can be caused by EBF3 mutations, terminal 10q deletions [9], small deletions (<1 mb) [10], and ring chromosome 10 [r
(10)] [11]. Haploinsufficiency is crucial for the observed phenotype in patients with these genetic alterations. Our results and the cases
reviewed in the literature were all with intellectual disabilities, further supporting this view. Pathogenic variants affecting the
DNA-binding domain (DBD), or paralogous residues [5], could cause changes in subcellular protein localization or distribution pat-
terns, which may ultimately result in significantly reduced EBF3 transcriptional activity [7]. Case 6 is caused by a missense mutation in
the important region, which can interact with DNA. By constructing the plasmid and transfecting HEK293T cells, EBF3-N197D mutant
showed impaired activation of luciferase reporter expression of the p21 promoter, and the mutant affected its entry into the nucleus
[6]. The c.488 site missense mutations affected a single conserved residue in a zinc finger motif crucial for DNA binding and are
deleterious in a fly model [2]. Activation of reporter gene expression in HEK293 cells showed EBF3 p. Arg163Leu variant partial loss of
transcriptional activation. And EBF3 p. Argl63GIn variant complete loss of transcriptional activity [2]. It is reported that motor
milestones and language development are delayed in all mutated patients. Head control was achieved after 5 months. The patients
have trunk control around 1 year of age and walked independently around 4 years of age. But the cases we described all presented with
global developmental delay. Only case 7 could walk independently at 30 months of age. Expressive language was affected to a greater
degree than receptive language. All children followed simple verbal requests well, but the development of the first word was delayed.
In the 2 patients with deletions, there was no significant delay in developmental, but they had neurodevelopmental disorders. All the
reported cases had language impairments regardless of type of mutation. Moreover, most patients had abnormal MRI, which may show
cerebellar vermis hypoplasia and/or specific foliation anomalies. While cerebellar lobes with a radial distribution (dandelion sign)
were thought to possibly represent a distinct and recognizable sigh [1,2,7,12]. In 2020, a study proposed that EBF3 gene is critical for
neuronal migration during corticogenesis and its mutation results in a specific cerebellar lobule appearance [13]. Cerebellar signs have

Table 1

Clinical characteristics of this case and previously reported patients including age, sex, variant site and mutation type, prenatal ultrasound signs,
mode of delivery, MRI, and references. MOD = mode of delivery; VD = vaginal delivery; CS = caesarean section; M = month; Y = year; ND = not done;
DCDA: dichorionic diamniotic; FGR: fetal growth restriction; MRI: magnetic resonance imaging.

Age (case Sex Variant Sites Mutation Type Prenatal Ultrasound Signs Mode Of Delivery MRI References
number) (Source of variation) (gestation/birth
weight)
1Y male c.271del(p. Frameshift (de novo)  nuchal cystic hygroma VD (39w/3.7kg) ND This case
Asp91Thrfs*41)
7Y (case 1) male c.488G>A (p. Missense (de novo) decreased fetal movements CS (38w/3.4kg) abnormal [2]
Arg163Gln)
5Y (case 2) female c.488G>A (p. Missense (de novo) decreased fetal movements, VD (40w/3.35kg) abnormal [2]
Arg163Gln) oligohydramnios
3Y (case 3) female c.488G>T (p. Missense (de novo) breech position CS (39w/2.7kg) normal [2]
Argl63Leu)
1Y+11M female  ¢.487C>T; (p. Missense (de novo) distended bladder VD (40w/3.49kg) abnormal [5]
(case 4) Arg163Trp)
1Y+6M male ¢.589A>G (p. Missense (de novo) global developmental delay, CS (39w/3.2kg) abnormal [6]
(case 5) Asn197Asp) Undescended testicles
11Y (case 6) female  10q26.3 Deletion (de novo) DCDA, developmental delay VD (35w/1.83kg) normal [9]
3Y+10M female 10926.13-q26.3 Deletion (de novo) FGR CS (35w/1.61kg) abnormal [10]
(case 7)
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been underestimated in many articles about HADDS associated with EBF3 gene [12]. The MRI of case 4 was normal, which may be
related to the extent of the effect on transcription activity.

It was shown that disruption of EBF3-mediated transcriptional regulation leads to ID and developmental delay [14]. The severity of
patient symptoms is correlated with missense variants of EBF3 that interfere with ZNF, which is a key protein structural domain to
stabilize the interaction between EBF3 and target DNA sequences [15]. Among 8 variants, 4 of 5 missense variants cause disease
through interference with ZFN (Table 1). The development of the neocortex is vital for neuronal migration. EBF3 is a key regulator of
neuronal multipolar to bipolar migration. EBF3-knockdown cells show severe deficits in the formation of leading processes and an
inhibited shift to the locomotion mode [16]. In this study, it was again demonstrated the important role of EBF3 in neural development.
As is well known, Parkinson’s disease is linked with degenerative loss of midbrain dopaminergic (DA) neurons. The lowered EBF3
expression could decreased TH + DA neuron number. Although EBF3 is only transiently expressed during an early postmitotic stage,
perhaps contributing to ataxia in patients with HADDS [17,18]. The patient with a duplication/triplication mosaicism of a region
encompassing EBF3 has a rather mild phenotype compared to the core signs, which may reflect the importance of EBF3 gene-dosage
for neurodevelopment [19]. There are reports suggesting that patients with10q26 deletion seem to lack cognitive impairment, whereas
patients with an EBF3 point mutation always have cognitive impairment [12]. Mental retardation was present in our cases, both
deletion and point mutation. Although ataxia tended to wan with age, cognitive impairment may become more severe. Therefore,
systematic neuropsychological follow-up is recommended for patients with EBF3-HADDS [20]. For profound ID or global develop-
mental delay, it is suggested that professional evaluation by a specialized neurologist and pediatrician is essential, which should be
taken into full consideration in the management of the program, as the patient will benefit greatly from a rehabilitation program,
including the exercise of gross and fine motor skills [12]. In cases of markedly reduced growth rate or growth hormone (GH) defi-
ciency, GH therapy can be administered, generally starting at age 3 years. According to the literature, the disease is usually diagnosed
after 6 months of age. Yet, the patients were in good general health. Life expectancy is not affected by the syndrome [12].

The urologic manifestations of HADDS include bladder dysfunction secondary to detrusor sphincter dyssynergia (DSD), ves-
icoureteral reflux, urinary tract infections, and cryptorchidism. Neurogenic bladder is diagnosed in infancy (median 6.5 months) and
almost always requires cystostomy [19]. Case 5 had a distended abdomen at birth, revealing urethral stenosis and an atonic bladder.
Unexplained neurogenic bladder presenting in infancy without spinal cord abnormalities is crucial for diagnosing HADDS (Fig. 5). If
not properly diagnosed and managed, these patients are at risk for renal deterioration [21]. The proband had mild renal impairment,
which may be associated with previous urological infection, hydronephrosis and reflux renal impairment. After cystostomy, urinary
and renal function should be rechecked periodically; Analysis of composition was available for multiple stones (Fig. 3), while labo-
ratory tests for blood PTH, calcium, magnesium, and phosphorus may be helpful in determining stone origin. EBF3 is a transcription
factor marking tenocytes and connective tissue cells in skeletal muscle of embryos. A knockout of EBF3 in mice had no effect on
chondrogenesis, but it led to sternum ossification defects due to diminished Runx2™ preosteoblast generation [22]. In addition to our
patient, we also found two patients with missense mutations had PE [5,6]. Reinforcement of nutrition was advised, and sucker therapy
if necessary. EBF3 is a regulator of muscle cell-specific transcription. Under the absence of Ebf3, the expression of the Ca (2+) pump
Sercal (Atp2al) is downregulated, which leads to impaired muscle function [23]. Probiotics and digestive drugs are expected to confer
benefits on patients with constipation. The child should be regularly followed up to monitor growth.

In fact, the patient in our case underwent prenatal diagnosis without detection of the causative mutation. Because he performed
only CMA without WES analysis, and EBF3-associated HADDS is a monogenic disease. It is an issue of the indications and limitations of
the current genetic testing techniques. If CMA is negative, Trio-WES is routinely recommended for nuchal cystic hygroma. Unfortu-
nately, his parents refused, maybe out of the high price or maybe just out of the fluke. There are only sporadic reports on prenatal-
specific symptoms of the disease, but no specific pattern. However, Case-based review of the literature showed that the common
prenatal features of HADDS caused by EBF3 are growth retardation, decreased fetal movement, oligohydramnios, breech presentation,
bladder distention and undescended testes. But clearly, the symptoms are consistent with the previously reported literature. Nuchal
cystic hygroma may be by chance but are more likely related to the HADDS. Nevertheless, it is important that they should be accu-
mulated in the literature for inclusion in future analysis. MRI abnormalities need to be special attention. If an MRI abnormality is found
in combination with a nonspecific feature, even one, then WES can be performed directly. And as a monogenic disease, an omission
would most likely not occur. However, Prenatal diagnosis of MRI is difficult and requires experienced radiologists. Here, our study
presents possible prenatal signs of HADDS to facilitate early recognition and diagnosis. Nevertheless, these results are based on a small
sample size, and more studies is needed to provide more evidence. The limitation of our case is that MRI and electroencephalogram
(EEG) were not performed in proband. But both tests did not affect the diagnosis and his parents did not mention a history of seizures. It
has been shown that patients had abnormal EEG without epilepsy [12]. In some cases, ophthalmologic disorders such as macular
hypoplasia may be present in combination. So, it is recommended that the patient complete the fundus examination. The mutation
locus is de novo. Although the probability of bearing a patient again is very low. The mother of the patient is still advised to perform
prenatal diagnosis for her next (second) pregnancy.

5. Conclusion

In this study, we described one male patient carrying a novel heterozygous EBF3 (c.271 del, p. Asp91Thrfs*41) variant. In addition
to atypical facial features, the clinical features of the individual in our case overlaps with previously reported patients. Importantly, for
the first time, we described nuchal cystic hygroma in patients with HADDS caused by EBF3 mutation. Clinical data from 8 individuals
were retrospectively analyzed. We identified a number of prenatal features that may be specific, including growth retardation,
decreased fetal movement, hypospadias, breech position, bladder dilatation, and undescended testes; The majority of them had
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abnormal MRI. Therefore, we believe that a systematic scan should be performed by a sonographer with a background in prenatal
diagnosis or fetal medicine, when atypical changes are present. Fetal MRI might also increase more phenotypes. It would provide more
evidence for further prenatal diagnosis and WES detection. These findings may be useful in early identification of the disorder and
prompted genetic testing. However, we have reported only a few cases, and additional studies are needed to fully elucidate genotype-
phenotype interactions in HADDS caused by EBF3 gene.
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