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Abstract

The FBXW7 gene encodes a substrate-recognition component of the Skp1-Cul1-
F-box (SCF) E3 ubiquitin ligase complex, which targets key regulatory proteins
for proteasomal degradation. Recently, loss-of-function FBXW7 variants have
been associated with a novel neurodevelopmental disorder characterized by het-
erogeneous clinical features. Most reported pathogenic variants cluster within
the WD40 domains, while variants in other regions, such as the F-box domain,
remain poorly characterized. In this study, we performed trio-exome sequencing
on a 3-year-old girl with Early-Onset Childhood Absence Epilepsy. We analyzed
the identified FBXW7 variant using multiple in silico tools for pathogenicity pre-
diction and structural modeling. Clinical phenotype was compared with previ-
ously reported cases. We identified a novel de novo missense variant in FBXW7,
¢.926G>C; p.(Arg309Pro), affecting a highly conserved residue in the F-box do-
main. Notably, unlike prior cases predominantly associated with WD40 domain
variants and severe phenotypes, our patient exhibited a much milder clinical
presentation consisting of isolated, drug-responsive absence seizures without
intellectual disability. Structural modeling predicted significant impairment in
protein—protein binding affinity, particularly with the SCF complex component
SKP1, supporting a potentially disruptive effect of the p.(Arg309Pro) substitu-
tion on complex assembly. Overall, our findings expand the genotypic and phe-
notypic spectrum of FBXW?7-related disorders. Variants in the F-box domain
may result in milder neurological phenotypes compared to those in the WD40
domains, suggesting domain-specific effects and potentially distinct pathogenic
mechanisms.

Plain Language Summary: The FBXW7 gene helps regulate the stability of
many proteins essential for brain development and function. Changes in this
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able clinical severity.
KEYWORDS
disorder

1 | INTRODUCTION

Neurodevelopmental disorders (NDDs) are a heterogene-
ous group of conditions featuring impairments in motor
skills, adaptive behaviors, communication, and cogni-
tion.! These disorders are underlain by the disruption of
a variety of crucial processes involved in brain develop-
ment, such as neurogenesis, neuronal migration, and
axonogenesis.” The development of next-generation se-
quencing (NGS)-based technologies has significantly im-
proved the diagnostic yield in NDDs, paving the way to
the identification of many novel disease genes.>” In the
specific context of Early-Onset Absence Epilepsy (EOAE),
recent clinical and epidemiological data suggest a genetic
diagnostic yield ranging between 10% and 30%.°® While
SLC2A1 mutations represent a major differential diagno-
sis, they appear to be infrequent in strictly defined EOAE
cohorts.” However, the landscape of epilepsies with ab-
sence seizures and single-gene etiology has been increas-
ingly characterized, with identified variations in genes
such as GABRG2 and CACNAIH.Y Recently, de novo
variants in the human FBXW7 gene (MIM * 606278), en-
coding the F-box and WD40 domain protein 7 (FBXW?7),
have been identified as the cause of a neurodevelopmen-
tal syndrome known as Developmental Delay, Hypotonia,
and Impaired Language (DEDHIL, MIM # 620012)."
Loss of FBXW7 function causes reduced neuron forma-
tion, an increased number of astrocytes, and myelination
defects.'*'* FBXW?7 controls the equilibrium between the
differentiation of oligodendrocytes and Schwann cells by
adjusting the Notch and mTOR signaling pathways.'*'*
Its substrates, such as mTOR and c-Jun, are linked to au-
tism and tuberous sclerosis, and it has been implicated in
neurodegenerative conditions.'*'> FBXW7 also impacts
the production of amyloid-beta and the death of neurons
in Alzheimer's disease, while abnormal levels of FBXW7(3
affecting neuronal survival are present in patients with
PARK2-related Parkinson's disease.'*'” In Huntington's
disease, FBXW?7 contributes to breaking down protective

gene have recently been linked to neurodevelopmental disorders with epilepsy.
We identified a new FBXW?7 variant in a 3-year-old girl with early-onset absence
epilepsy. Computer-based modeling suggests that this change weakens the pro-
tein's normal interactions. Our findings broaden the spectrum of FBXW7-related
disorders and indicate that variants in different gene regions may result in vari-

de novo, early-onset absence epilepsy, F-box, FBXW7, missense variant, neurodevelopmental

Key points

« Weidentified a novel de novo FBXW7 missense
variant, p.(Arg309Pro), in the F-box domain in
a child with early-onset absence epilepsy.

« Unlike WD40 domain variants, this F-box vari-
ant caused a mild phenotype: drug-responsive
seizures without other neurodevelopmental
signs.

« Protein modeling suggests the variant impairs
binding to the SKP1 component of the SCF
ubiquitin ligase complex.

« This case expands the FBXW?7 spectrum, sug-
gesting that domain-specific effects influence
clinical severity in DEDHIL syndrome.

proteins like HSF1 and regulates the function of mito-
chondria through p53."*

So far, most disease-related FBXW7 variants have
been reported to alter the WD40 domain structure and
function, impacting on protein-protein interactions.?
Conversely, variants in other regions of the protein, es-
pecially the F-box domain, appear to be extremely rare.
Affected individuals show a severe neurological pheno-
type featuring global developmental delay, hypotonia,
and intellectual disability.'""'* Of note, seizures have only
been documented in 22.9% of patients.'"'* Although the
report of early-onset absence epilepsy (EOAE) in a single
subject may suggest that epilepsy is a significant feature
of FBXW7 patients, current literature suggests that ep-
ileptic phenotypes may be an underappreciated feature
of DEDHIL."""

In this study, we report a patient harboring a novel de
novo missense variant localizing to the F-box domain of
FBXW?7 and showing a distinctive neurological phenotype,
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FIGURE 1 Genetic and clinical findings. (A) Pedigree of the reported family showing the segregation of the p.(Arg309Pro) variant in

FBXW?7 in the family. The variant occurs de novo in the proband. (B, C) Schematic representation of the FBXW7 gene (B) and protein (C)

showing the localization of the novel (red) and previously reported (black) variants associated with neurodevelopmental disorders in human

patients.

consisting of drug-responsive early-onset absence sei-
zures. This case expands the genotype—phenotype spec-
trum of DEDHIL, suggesting that it may be wider than
expected based on previous reports.

2 | CASE PRESENTATION

This 3-year-old girl was born to unrelated healthy parents
of Italian ancestry (Figure 1A). Family history was unre-
markable. She was delivered at term following a physi-
ologic pregnancy and the neonatal course was uneventful.
She regularly met developmental milestones. At the age of
11 months, the patient started to suffer from brief (6-105s)
episodes of loss of contact, staring, and inconstant eyelid
jerks, occasionally associated with automatisms (shoulder
shrugging). These episodes occurred at a frequency of ap-
proximately four to five episodes per day. Neurological
examination was unremarkable. EEG recordings re-
vealed generalized high-amplitude spike-waves (SWs)
discharges, sometimes with clinical correlates associated
with a 3.5Hz SW discharge, indicative of absence seizures
(Figure 2A).

Based on the early age at onset, the characteristic sei-
zure semiology, and the EEG pattern, her epilepsy was

classified within the spectrum of early-onset childhood
absence epilepsy (early-onset CAE).®’

During sleep, generalized epileptiform abnormalities
(sharp waves and spike waves) were organized in brief
non-rhythmic discharges (Figure 2B). Her brain MRI was
unremarkable. Treatment with Ethosuximide (150 mg BID
increased to 200 mg BID the following year) led to marked
reduction of seizure frequency to 1-2/day alternating with
days without events, followed by complete seizure control
at 2years of age and EEG normalization. At the age of 3,
the global developmental quotient (GDQ) resulted in 110
at Griffith's Developmental Scales. At last follow-up, per-
formed at the age of 4years, the patient was seizure-free;
her routine wake and sleep EEG, neurological examina-
tion, and development resulted in normal except for mild
dyslalia.

3 | GENETIC ASSESSMENT AND
IN SILICO ANALYSIS

Trio-exome sequencing (ES) was performed on genomic
DNA obtained from peripheral blood samples of the
patient and the parents, as previously described. Genetic
variants were evaluated according to allele frequency,
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absence seizure is recorded, with generalized spike-wave discharge at 3-3.5Hz lasting 8s. During sleep: Normal architecture of sleep with
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conservation of affected residues, and predicted impact on
protein structure and function, as previously reported.'®
ES identified a de novo FBXW7 variant NM_001349798.2:
€.926G>C, p.(Arg309Pro) (Figure 1B). This variant is ab-
sent from the gnomAD database (v4.1.0). The affected
gene is highly intolerant to loss-of-function variation
(LOEUF=0.149),"” and is predicted by MutationTaster2'®
to be deleterious. According to the ACMG/AMP guide-
lines, the variant is classified as a variant of uncertain
significance (VUS) based on criteria PM2, PP2, and PP3
(class I11).?

4 | PROTEIN MODELING

FBXW?7 is a 707-amino acid protein lacking a complete
experimentally resolved 3D structure. To assess the struc-
tural impact of the p.(Arg309Pro) missense variant, we
used the AlphaFold2-predicted model (AF-Q969H0-F1).*
The Arg309 residue is located within the F-box domain,
suggesting a potential role in disrupting protein-protein
interactions (Figure 1C).

To evaluate the potential structural consequences
of the p.(Arg309Pro) substitution, we applied two deep
neural network-based predictors of protein stability:
ThermoMPNN?’ and DDMut.*! ThermoMPNN predicted
a AAG of —0.1896 kcal/mol, while DDMut yielded a AAG
of 0.15kcal/mol. In ThermoMPNN, negative AAG values
indicate stabilizing effects, whereas in DDMut, positive
AAG values reflect stabilization. These findings suggest
that the variant has negligible effects on global fold-
ing stability and is likely neutral in terms of structural
stability.

To further assess the potential functional impact,
we next used four complementary computational ap-
proaches—AlphaMissense,22 SIFT,® PolyPhen-Z,24 and
CADD.” AlphaMissense predicted a high pathogenicity
score (0.987), SIFT a score of 0.02 (interpreted as del-
eterious; threshold <0.05), PolyPhen-2 a score of 0.998
(probably damaging; threshold >0.908), and CADD a
PHRED-scaled score of 32. This CADD value places the
variant within the top 0.1% of potentially deleterious
single-nucleotide variants in the human genome.

Taken together, while structural modeling predicted
minimal influence on protein folding, the pathogenicity
algorithms yielded consistently high scores, supporting
a functionally damaging effect. These data indicate that
the p.(Arg309Pro) variant may impair FBXW7 activity not
by destabilizing the protein, but rather by altering key in-
teraction surfaces within the F-box domain, particularly
those required for binding with the SCF complex com-
ponent SKP1 (Figure S1A). To further assess functional
effects, we analyzed the FBXW7-SKP1 complex (PDB:

Epilepsia Open® J_S
PR e

20VP, 2.90 A), which provides experimental structural
insight into this critical interaction. In this complex, the
Arg309 residue from the full-length FBXW7 protein aligns
with Arg196 in chain B of the PDB structure. This specific
structure contains 20 unresolved residues, which we re-
constructed using MODELER v10.6. Among 100 generated
models, the one with the lowest molpdf score (124.8304)
was selected.?® The completed complex structure enabled
accurate mapping of the p.(Arg309Pro) variant's position
relative to the SKP1-binding interface (Figure S1B), rein-
forcing its potential to interfere with substrate recognition
or SCF complex assembly despite limited impact on global
protein stability.

To evaluate the impact of this p.(Arg309Pro) variant on
binding affinity (assessed at the corresponding Arg196 po-
sition within the complex), we then used DDMut-PPI and
mCSM-PPI12.>”?® Both predicted a notable reduction in
binding affinity; DDMut-PPI estimated a — 3.503 kcal/mol
change, while mCSM-PPI2 predicted —1.563kcal/mol,
suggesting the variant significantly weakens the FBXW7-
SKP1 interaction.

5 | DISCUSSION

Deleterious variants in several FBX genes have been
linked to neurodevelopmental disorders, including
FBXW11, FBXO11, and FBX028, which are associated
with developmental delay, intellectual disability, behav-
joral abnormalities, and epilepsy.”’~! Biallelic variants
in FBXL3 and FBXL4 lead to syndromic forms involv-
ing dysmorphism or mitochondrial dysfunction, while
FBXL10 (KDM2B) variants have been associated with
developmental delay and intellectual disability.*>** The
FBXW?7 gene encodes a key component of the Skpl-
Cullin1-F-box (SCF) ubiquitin ligase. This complex helps
degrade oncoproteins through the ubiquitin-proteasome
system and regulates cell development.’> FBXW?7 variants
are associated with a highly variable neurodevelopmen-
tal disorder (DEDHIL, OMIM #620012), presenting with
global developmental delay, intellectual disability, lan-
guage disorder, hypotonia, heterogeneous neurological
manifestations, developmental regression, and syndro-
mic features'"** (Table 1). Phenotypic variability occurs,
since individuals with normal cognitive function have
also been reported.

Compared to previous cases, our patient showed a
distinctive neurological phenotype. Indeed, this indi-
vidual presented with an isolated generalized epilepsy
aligning with early-onset childhood absence epilepsy in
the absence of any concomitant neurodevelopmental co-
morbidities. Furthermore, her seizures were responsive
to treatment, and she achieved complete seizure control
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with ethosuximide, a clinical course consistent with the
favorable outcome often observed in this epileptic syn-
drome.®’ While recognizing the limitations of a single
case report, these findings raise the possibility that the
phenotypic spectrum of FBXW7-related disorder may
be wide and encompass mild clinical presentations.
The regular psychomotor development and the absence
of significant cognitive or social impairment in our pa-
tient, except for a very mild form of dyslalia, suggest that
DEDHIL phenotypes might range from severe to milder
presentations, including isolated, drug-responsive gen-
eralized epilepsy.

Previously reported DEDHIL cases have predom-
inantly involved germline missense variants located
within the WD40 domain of FBXW7, which is critical
for substrate binding. Among 35 individuals, 28 dis-
tinct germline variants were identified, including large
deletions, a splice site variant, and frameshift variants
predicted to result in loss of protein function. Most mis-
sense variants clustered in the carboxy-terminal half of
the protein, with the majority affecting residues within
the WD40 domain.'! These alterations likely disrupt
substrate binding and may also impair protein stability,
promoting degradation via the ubiquitin-proteasome
system.'’ According to the current literature, variants in
the F-box domain appear to be very rare. A single trun-
cating variant has been reported, p.(Arg278*), but this
substitution is a truncating change predicted to lead to
severe loss of function. As such, the missense change
identified in our patient is the first missense affecting
the F-box domain. Although the report of additional pa-
tients harboring similar substitutions is needed to con-
firm this hypothesis, it is possible that such changes may
be associated with less severe neurological manifesta-
tions, possibly involving distinctive pathophysiological
mechanisms.

The Arg309 is a highly conserved amino acid in the
F-box domain, which is critical for mediating interac-
tions with SKP1. This is a key component of the SCF
ubiquitin ligase complex, which regulates the degrada-
tion of important neuronal development and signaling
proteins such as Cyclin E1/2, Notch, c-Myc, and mTOR.
Structural modeling revealed that the p.(Arg309Pro)
variant had minimal impact on overall FBXW?7 protein
stability, yet it was predicted to significantly weaken the
crucial binding affinity between FBXW7 and SKP1. As a
result, ubiquitin-mediated degradation of target proteins
may be affected, resulting in abnormal neuronal func-
tion.*> These findings suggest that the impairment of
critical protein-protein interactions might underlie the
mild phenotype observed in our patient. Substitutions
in the F-box domain might induce less severe func-
tional consequences compared to the highly disruptive

loss-of-function effects of WD40 domain variants, which
directly impair substrate recognition. In fact, previous
studies have shown that partial loss of FBXW?7 function
can result in a range of phenotypic consequences de-
pending on the affected domain and substrate specific-
ity. More investigation is needed to determine if F-box
variants may exert a specific effect on neuronal excit-
ability, predisposing to epilepsy without broader neuro-
developmental damage.

In summary, we describe a patient harboring a novel
de novo variant in FBXW?7, affecting a highly conserved
and potentially critical residue in the F-box domain. The
phenotype of this subject consisted of isolated early-
onset childhood absence epilepsy responsive to treat-
ment. This case suggests that variants outside the WD
repeats may affect the distinctive function of FBXW7
and lead to atypically milder phenotypes, broadening
the genotype-phenotype spectrum of DEDHIL. From
a clinical perspective, our findings support the poten-
tial utility of genetic evaluation in patients with early-
onset absence epilepsy, even in the absence of other
neurodevelopmental signs, as identifying rare single-
gene etiologies can refine the diagnostic and prognostic
landscape.'”
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