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Abstract

Weaver syndrome is a rare congenital overgrowth disorder caused by heterozygous pathogenic
variants in EZH?2, a gene encoding a histone methyltransferase essential for epigenetic regulation. We
describe a 4-year-old Taiwanese female who exhibited classical features of Weaver syndrome,
including macrosomia (height and weight >97th percentile), macrocephaly, hypertelorism,
prominent forehead, and developmental delay, along with atypical findings of severe bilateral
camptodactyly and complex brain malformations. Neuroimaging revealed corpus callosum
dysgenesis with rostral agenesis and genu hypoplasia, bilateral frontal lobe hypoplasia, and an
arachnoid cyst. The patient had global developmental delay with marked gross and fine motor
impairment but relatively preserved speech and cognition. Whole-exome sequencing identified a
novel de novo pathogenic variant in EZH2: c.449T>C (p.lle150Thr). This variant affects a highly
conserved amino acid within the SANT domain and is predicted to be deleterious by computational
analysis. Its de novo origin was confirmed by Sanger sequencing. This case broadens the clinical
spectrum of Weaver syndrome by highlighting severe camptodactyly and complex brain
malformations as possible EZH2-related manifestations. The corpus callosum dysgenesis and
associated cerebral abnormalities suggest a wider role of EZH2? in neurodevelopment than previously
recognized. These findings underscore the importance of comprehensive neuroimaging and
molecular genetic testing in patients with suspected Weaver syndrome, particularly in atypical
presentations.

Keywords: weaver syndrome; EZH2 variant; corpus callosum dysgenesis; camptodactyly;
overgrowth syndrome
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1. Introduction

Weaver syndrome is a rare congenital overgrowth disorder characterized by prenatal and
postnatal macrosomia, accelerated osseous maturation, distinctive craniofacial features, and variable
intellectual disability [1]. First described by Weaver et al. [2] in 1974, the condition remained
genetically undefined until 2011, when two independent studies identified heterozygous pathogenic
variants in the EZH2 gene as the causative factor [3,4]. EZH2 encodes the catalytic subunit of
Polycomb Repressive Complex 2 (PRC2), a key epigenetic regulator that catalyzes trimethylation of
lysine 27 on histone H3 (H3K27me3), thereby establishing repressive chromatin states critical for
developmental gene regulation [5].

The estimated incidence of Weaver syndrome is approximately 1 in 15,000 births, with over 90%
of cases resulting from de novo mutations [6]. The phenotypic spectrum includes characteristic
craniofacial features such as broad forehead, ocular hypertelorism, large fleshy ears, and
micrognathia with a distinctive horizontal chin crease [7]. Skeletal findings consistently include
advanced bone age, camptodactyly, and deep-set nails, whereas neurological features range from
mild hypotonia to moderate intellectual disability, which is present in about 80% of affected
individuals [5].

At the molecular level, the pathogenesis is linked to partial loss of EZH2 histone
methyltransferase activity, leading to reduced H3K27 trimethylation and impaired developmental
gene regulation [3]. Pathogenic variants are primarily missense mutations distributed throughout the
gene, with notable clustering in the SET domain that mediates enzymatic activity [8]. Recent studies
have expanded the recognized clinical spectrum to include neurological malformations such as
corpus callosum dysgenesis and polymicrogyria as well as severe skeletal anomalies such as
pronounced camptodactyly [9,10].

Despite advances in molecular understanding, Weaver syndrome continues to demonstrate
significant phenotypic variability, and atypical presentations are increasingly reported. The
identification of novel clinical features, particularly complex brain malformations and severe skeletal
abnormalities, is crucial for refining the phenotypic spectrum and improving diagnostic accuracy in
this rare disorder.

2. Case Presentation

2.1. Patient Demographics and Initial Presentation

The patient is a 4-year-old Taiwanese female (born September 18, 2020) who was first evaluated
at 15 months of age for abnormal clinical phenotype and global developmental delay. She was born
at 38 + 4 weeks’ gestation with a birth weight of 4,460 g (>97th percentile), length of 56 cm (>97th
percentile), and head circumference of 35 cm (>97th percentile), consistent with prenatal macrosomia.
Delivery was by normal spontaneous vaginal delivery, with Apgar scores of 8§ at 1 min and 9 at 5
min. She is the second child of nonconsanguineous parents. Her older brother, born in 2018,
demonstrates normal development.

Family history revealed paternal height of 175 cm and maternal height of 166 c¢m, with a
predicted target height of 164.5 cm (75-85th percentile). The patient resides in Kinmen and receives
follow-up care at Taipei Veterans General Hospital. Early clinical concerns included prolonged
neonatal jaundice, generalized hypotonia, and distinctive craniofacial features, which prompted
genetic evaluation.

2.2. Clinical Features and Physical Examination

Serial anthropometric assessments confirmed persistent overgrowth. At the most recent
evaluation (4 yr 10 months), her height was 123 cm (>97th percentile), weight 26 kg (>97th percentile),
and head circumference 52 cm (85-97th percentile). Body mass index was 17.2 kg/m?, reflecting
sustained overgrowth since infancy.
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Physical examination revealed dysmorphic features consistent with Weaver syndrome (Figure
1). Craniofacial abnormalities included macrocephaly, prominent squared forehead, bilateral
hypertelorism with epicanthal folds, downward-slanting palpebral fissures, broad nasal bridge,
small mouth, and mild micrognathia without macroglossia. A horizontal chin crease—a
pathognomonic feature of Weaver syndrome—was observed. The anterior fontanelle was nearly
closed, and the ears were low-set and floppy.

Cardiovascular examination revealed normal heart sounds without murmurs. Abdominal
examination showed hepatomegaly and a prominent umbilical hernia. Spinal assessment indicated
mild thoracolumbar kyphoscoliosis. Extremity evaluation revealed bilateral curved tibiae,
equinovalgus foot deformity (more pronounced on the left), possible hallux valgus, and severe
bilateral camptodactyly with marked posterior finger flexion (Figure 2). Generalized mild hypotonia
was noted in all extremities.

(@)
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Figure 1. Facial dysmorphic features of the patient with Weaver syndrome. (a) Frontal view showing
characteristic craniofacial features: macrocephaly, squared forehead, hypertelorism with epicanthal folds,
downward-slanting palpebral fissures, broad nasal bridge, small mouth, and mild micrognathia. Note the
horizontal chin crease, a pathognomonic feature. (b) Profile view showing a prominent forehead, low-set floppy
ears, and facial profile consistent with Weaver syndrome. Age: 1 yr 6 months. Written informed consent was

obtained from the patient’s parents for publication.

Figure 2. Severe bilateral camptodactyly in the patient. Clinical photograph showing marked bilateral
camptodactyly with severe posterior flexion contractures of the fingers, representing an atypical and severe
manifestation of skeletal abnormalities associated with Weaver syndrome. The degree of finger contracture
observed here is more pronounced than typically reported in classical Weaver syndrome and results in
significant functional impairment of fine motor skills. The patient was 18 months old at the time of photography.

Written informed consent was obtained from the patient’s parents for publication of this image.

2.3. Developmental Assessment

Developmental evaluation demonstrated global delay, with a disproportionate pattern: severe
motor impairment but relatively preserved cognitive and language abilities. Gross motor milestones
were significantly delayed —sitting without assistance at 10 months, limited crawling, and absence
of independent standing at 15 months. At 4 yr, she remained unable to run or jump, requiring
ongoing Early Intervention Program support.

Fine motor skills were similarly impaired due to severe bilateral camptodactyly, which restricted
dexterity and object manipulation. By contrast, speech and language developed more favorably, with
progressive acquisition of verbal communication. Cognitive assessment suggested intellectual
function within the mildly impaired range, consistent with typical Weaver syndrome presentations.

2.4. Neuroimaging Findings

Brain magnetic resonance imaging performed on March 31, 2021, at Taipei Veterans General
Hospital revealed significant structural abnormalities extending the known neurological spectrum of
Weaver syndrome. Findings included corpus callosum dysgenesis characterized by agenesis of the
rostrum and hypoplasia/atrophy of the genu and anterior body. Additional abnormalities were
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suspected hypoplasia of the bilateral frontal lobes and an arachnoid cyst in the left quadrigeminal
cistern. Bilateral middle-ear effusion was also noted.

These atypical neuroimaging findings suggest that EZH2-related disorders may encompass
broader cerebral malformations than previously recognized. The corpus callosum anomalies likely
contribute to impaired motor coordination and may affect long-term neurodevelopmental outcomes.

2.5. Genetic Testing and Molecular Diagnosis

Initial chromosomal microarray analysis at Taipei Veterans General Hospital showed no
pathogenic copy number variants. Whole-exome sequencing subsequently identified a novel de novo
pathogenic variant in EZH2: ¢.449T>C (p.1le150Thr) (Table 1). This variant affects a highly conserved
residue within the SANT domain and was classified as pathogenic according to American College of
Medical Genetics guidelines. It was absent from population databases and predicted to be deleterious
by multiple computational tools.

Table 1. Molecular Findings and Genetic Analysis.

Gene Nucleotide Protein Inheritance Classification | Origin Population
Change Change Frequency
EZH2 c.449T>C p.lle150Thr Autosomal Pathogenic | De novo Not
dominant reported
ALDH18A1 | ¢.2293C>T | p.Arg765Ter Autosomal Likely Maternal 0.0006
dominant/recessive | pathogenic (East Asian)

Note. Molecular genetic findings were identified through whole exome sequencing. The EZH2 variant was
confirmed to be de novo through family segregation analysis, while the ALDH18A1 variant was maternally

inherited. Classification was performed according to ACMG guidelines.

Family segregation analysis confirmed the de novo nature of the EZH2 variant. Sanger
sequencing of both parents demonstrated wild-type sequences at the corresponding position,
establishing this as a spontaneous mutation (Table 2). The patient’s father and older brother also
underwent whole exome sequencing, which revealed no pathogenic variants related to the patient’
phenotype.

Additionally, whole exome sequencing identified a second variant of uncertain significance in
the ALDH18A1 gene (c.2293C>T, p.Arg765Ter), inherited from the mother. This variant has been
associated with connective tissue and neurological disorders but was considered less likely to explain
the patient’s primary phenotype, given the dominant inheritance pattern and the characteristic
features of Weaver syndrome.

Table 2. Family Segregation Analysis.

Family Relationship EZH2 c.449T>C ALDH18A1 Clinical Phenotype
Member Status €.2293C>T Status
Proband B Heterozygous (de Heterozygous Weaver syndrome with
novo) (maternal) complex malformations
Father Paternal Wild-type Wild-type Normal
Mother Maternal Wild-type Heterozygous Normal
Brother Sibling Wild-type Not tested Normal development

Note. Family segregation analysis confirmed the de novo origin of the EZH2 variant and the maternal inheritance

of the ALDH18A1 variant. Sanger sequencing was used to validate the inheritance pattern.

Pedigree analysis revealed a nonconsanguineous, two-generation family, with the proband
being the second child of healthy parents (Figure 3). The patient’s father, aged 35 yr, is 175 cm tall,
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and her mother, aged 33 yr, is 166 cm tall; both exhibit normal phenotypes. The proband has an older
brother, born on April 6, 2018, who demonstrates normal growth and developmental milestones at 6
yr of age. Family segregation analysis through Sanger sequencing confirmed the de novo EZH2
variant, with both parents carrying wild-type sequences at the corresponding genomic position. The
maternal inheritance of the ALDH18A1 variant was established through targeted sequencing, which
showed the mother to be a heterozygous carrier of the c.2293C>T variant, while remaining
phenotypically normal. The unaffected brother was not tested for the ALDH18A1 variant, given its
uncertain clinical relevance to the proband’s phenotype.

This inheritance pattern strongly supports the pathogenic role of the de novo EZH2 variant as the
primary cause of the patient’'s Weaver syndrome, whereas the maternally inherited ALDH18A1
variant represents an incidental finding of uncertain clinical significance in this case.

I
I_I_l
(Father) (Mother)
175cm, 35y 166cm, 33y
EZH2: +/+ EZH2: +/+
ALDH18A1: +/+ ALDH18A1: +/c.2293C>T
Normal Normal

‘// II
F____l____W

(Brother) (Proband)
DOB: 2018/4/6 DOB: 2020/9/18

6y, Normal 4y 10m

EZH2: +/+ EZH2: +/c.449T>C
ALDH18A1: NT  ALDH18A1: +/c.2293C>T

Weaver syndrome

Pedigree Legend:

- d =Male, @ = Female

- Filled symbols = Affected individuals

- Open symbols = Unaffected individuals
- Arrow (—) = Proband

- +/+ = Wild-type/Normal

- +/variant = Heterozygous for variant

- NT = Not tested

- DOB = Date of birth

Figure 3. Pedigree of the Family Demonstrating Inheritance Patterns of EZH2 and ALDH18A1 Variants. The
pedigree depicts a two-generation, nonconsanguineous family with the proband (indicated by arrow) affected
by Weaver syndrome. Generation I shows unaffected parents: the father (square), 35 years old, 175 cm tall, and
the mother (circle), 33 years old, 166 cm tall. Generation II includes the unaffected older brother (born in 2018)
and the affected proband (born in 2020). Genetic testing results are indicated below each individual. The EZH2
€.449T>C variant occurred de novo in the proband (heterozygous, +/c.449T>C), while both parents carried wild-
type alleles (+/+). The ALDHI8A1 ¢.2293C>T variant was inherited from the phenotypically normal mother
(heterozygous, +/c.2293C>T) to the proband, whereas the father carried wild-type alleles. The older brother was
not tested for the ALDHI8A1 variant (NT = not tested). Filled symbols represent affected individuals; open
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symbols represent unaffected individuals. This inheritance pattern confirms the de novo pathogenic role of the

EZH? variant as the cause of Weaver syndrome in the proband.

2.6. Treatment and Management

The patient’s care is coordinated through a comprehensive multidisciplinary approach tailored
to her complex medical needs. Ophthalmologic management includes corrective lenses for significant
refractive errors, specifically hyperopia of +9.00 diopters with astigmatism of +2.25 diopters, along
with amblyopia therapy. Orthopedic consultation has been initiated to address severe bilateral
camptodactyly and equinovalgus foot deformities, which may require surgical intervention to
optimize functional outcomes.

Nutritional support includes vitamin D3 replacement therapy (two drops daily of vitamin D3
solution) for documented deficiency, with dosing adjusted according to serum 25-hydroxyvitamin D
levels. Zinc supplementation was also started to correct low serum zinc levels. Regular monitoring
of liver function is performed due to persistent hepatomegaly observed on serial abdominal
ultrasonography.

Early intervention services in Kinmen focus on enhancing gross and fine motor skills, with
emphasis on adaptive strategies for severe camptodactyly. Speech therapy has been provided as
needed, although language development has progressed more favorably than motor function.

The family has received comprehensive genetic counseling regarding the de novo EZH2 variant,
inheritance patterns, and recommendations for long-term medical surveillance. This includes
discussion of potential cancer screening protocols, given the reported increased risk of
neuroblastoma in patients with Weaver syndrome.

3. Discussion

3.1. Genotype—Phenotype Correlation

The novel EZH2 variant c.449T>C (p.Ile150Thr) identified in our patient represents the first
reported mutation affecting this specific residue within the SANT domain of the EZH2 protein. The
SANT (SWI3, ADA2, N-CoR, and TFIIIB) domain functions as a critical histone reader that confers
sensitivity to the modification state of the histone H4 tail [11]. Of the 48 confirmed EZH2 mutations
reported in individuals with Weaver syndrome, only a small subset involve the SANT domain, yet
these are often associated with more severe phenotypic presentations [1,3].

Recent functional studies indicate that pathogenic EZH2 variants in Weaver syndrome result in
partial loss of histone methyltransferase activity, rather than complete haploinsufficiency [5,7]. The
absence of early truncating mutations in reported cases supports this mechanism, as homozygous
null mutations in EZH2 are incompatible with life in murine models [12]. The p.1le150Thr substitution
introduces polarity into a normally hydrophobic region of the SANT1 domain, likely impairing the
protein’s ability to interact with histone H4 tails and maintain chromatin organization [11].

Despite extensive molecular characterization of EZH2 variants, robust genotype—phenotype
correlations remain unclear [5]. The severity of clinical features does not consistently align with the
degree of histone methyltransferase activity reduction observed in vitro [5], suggesting that
additional factors—such as genetic background, epigenetic regulation, and stochastic developmental
variation— contribute to phenotypic diversity. The severe bilateral camptodactyly and complex brain
malformations in our patient align with the more severe phenotypic spectrum predicted for SANT
domain mutations.

3.2. Expansion of the Phenotypic Spectrum

This case expands the phenotypic spectrum of Weaver syndrome by documenting severe corpus
callosum dysgenesis and extreme bilateral camptodactyly. Although neurological malformations
such as polymicrogyria and ventriculomegaly have been reported with EZH2 mutations [4,5], corpus
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callosum dysgenesis remains underrecognized and warrants systematic neuroimaging in all
suspected cases.

The corpus callosum, the largest commissural white matter structure in the brain, contains
approximately 200 million axons connecting the cerebral hemispheres [13]. Its development is
particularly vulnerable between 11 and 20 weeks of gestation, when callosal fibers first cross the
midline [13]. EZH2 plays a crucial role in cortical neuronal migration and regulation of genes
involved in establishing interhemispheric connectivity [4]. The rostral agenesis and genu hypoplasia
observed in our patient likely reflect disruption of commissural neuron specification and axon
guidance during this critical window.

The patient’s severe bilateral camptodactyly requiring surgical consideration also represents an
atypical manifestation. Camptodactyly affects approximately 1% of the general population but occurs
with greater frequency and severity in Weaver syndrome [14]. The degree of bilateral involvement
and functional impairment observed here highlights the potential for EZH2 mutations to markedly
disrupt digit development and underscores the need for comprehensive orthopedic management.

3.3. Clinical Implications and Diagnostic Considerations

Recognition of corpus callosum dysgenesis as a potential feature of Weaver syndrome has
important diagnostic implications. Current diagnostic criteria emphasize overgrowth, distinctive
craniofacial features, and developmental delay but may not adequately capture neurological
malformations [1,3]. Our findings suggest that comprehensive brain imaging should be incorporated
into the diagnostic evaluation of suspected Weaver syndrome, especially in patients with
unexplained developmental delays or motor dysfunction.

The subtle facial features of Weaver syndrome, particularly in older individuals, often
complicate diagnosis [3,15]. Advanced bone age remains a consistent diagnostic marker and should
prompt EZH? testing when identified [3]. Intellectual disability, ranging from mild to moderate in
approximately 80% of patients [3,8], is frequently the presenting concern.

The increased malignancy risk, particularly neuroblastoma during early childhood, remains an
area of clinical uncertainty [16,17]. While lifetime malignancy risk is estimated at approximately 10%,
the small patient population precludes evidence-based surveillance guidelines [16]. Current
consensus emphasizes clinical vigilance over routine imaging, although some experts recommend
periodic abdominal ultrasonography in early childhood [17].

3.4. Management Considerations

Management of Weaver syndrome requires a multidisciplinary approach tailored to diverse
clinical manifestations. In our patient, severe bilateral camptodactyly necessitated early orthopedic
evaluation and consideration of surgical correction. Conservative measures—such as progressive
splinting, physical therapy, and occupational therapy —remain first-line treatments [18,19]. Surgery
is generally reserved for persistent flexion contractures >60° or when functional limitations
significantly impair activities of daily living [20].

Corpus callosum dysgenesis and associated frontal lobe hypoplasia highlight the need for
comprehensive neurodevelopmental assessment and early intervention services. The patient’s motor
impairment, contrasted with relatively preserved language function, underscores the benefit of
targeted therapies addressing specific developmental domains. Regular neurological follow-up is
essential to monitor for seizures and guide additional interventions.

Educational support through individualized education plans is critical, given the high
prevalence of intellectual disability in Weaver syndrome [3]. Adaptive strategies focusing on gross
and fine motor skill development may be especially beneficial, as verbal abilities are often relatively
preserved.

The family received detailed genetic counseling regarding the de novo nature of the EZH2
variant, reassuring them of a low recurrence risk for future pregnancies while emphasizing the
importance of long-term surveillance for the proband. Follow-up should include regular growth
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monitoring, developmental assessment, and vigilance for malignancy — particularly neuroblastoma
risk during early childhood.

4. Conclusions

We report a novel de novo EZH2 variant, c.449T>C (p.lle150Thr), in a 4-year-old Taiwanese
female with Weaver syndrome. This represents the first documented mutation affecting this specific
residue within the SANT domain. The case broadens the recognized phenotypic spectrum of EZH2-
related overgrowth disorders by identifying severe bilateral camptodactyly and complex brain
malformations, including corpus callosum dysgenesis with rostral agenesis and genu hypoplasia—
features not previously emphasized in the classical Weaver syndrome phenotype. The severity of
skeletal and neurological manifestations observed suggests that mutations within the SANT domain,
a critical histone reader for chromatin targeting, may have particularly severe developmental
consequences compared with SET domain mutations that primarily impair catalytic activity.

The identification of corpus callosum dysgenesis as a potential feature of Weaver syndrome has
direct clinical implications for diagnosis and management. Comprehensive brain imaging should be
incorporated into standard evaluation protocols, particularly given the potential impact on
neurodevelopmental outcomes and seizure risk. Similarly, the extreme bilateral camptodactyly
requiring surgical consideration highlights the importance of early orthopedic assessment and
multidisciplinary intervention to optimize functional outcomes during critical developmental
periods.

This case adds valuable molecular and phenotypic data to the international database of EZH2
variants, underscoring the importance of systematic case reporting from diverse populations in
advancing rare disease knowledge. As one of the few molecularly confirmed Asian cases, it also
highlights potential geographic and ethnic considerations in phenotypic expression and supports the
implementation of standardized surveillance protocols, including neuroblastoma screening, cervical
spine monitoring, and comprehensive neurodevelopmental support.

The documentation of this novel variant and its severe phenotype emphasizes the need for
functional studies to clarify the pathogenic mechanisms underlying SANT domain mutations. Future
research priorities should include the development of targeted therapies addressing the partial loss-
of-function mechanism of EZH?2 variants, establishment of collaborative international networks for
systematic natural history studies, and implementation of precision medicine approaches based on
molecular subtyping of EZH2-related disorders. While this single case provides important insights
into phenotypic expansion and domain-specific effects, long-term follow-up and functional
validation remain essential to guide clinical management and develop evidence-based treatment
protocols for this rare but clinically significant disorder.
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