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Abstract

Background: White-Sutton Syndrome (WSS) is a rare autosomal dominant neurodevelopmental disorder caused by pathogenic
variants in the POGZ gene, which is essential for chromatin remodeling and neuronal development. Because of its broad
phenotypic heterogeneity and lack of disease-specific features, early diagnosis and management remain challenging. Timely
genetic testing can significantly aid in early diagnosis and intervention, improving patient outcomes. Objective: To describe the
clinical and genetic findings of a Chinese pediatric patient with a novel POGZ mutation, summarize the diagnostic approach, and
underscore the importance of early genetic testing and multidisciplinary management for the diagnosis and management of WSS.
Method: A 4-month-old male infant presented with developmental delay and abnormal liver function. Comprehensive clinical,
imaging, auditory, and ophthalmologic evaluations were performed. Whole-genome sequencing and Sanger validation were
conducted, followed by multidisciplinary management including nutritional therapy and early rehabilitation. Result: The patient
exhibited microcephaly, hypotonia, distinctive facial dysmorphism, auditory impairment, and retinitis pigmentosa. Brain MRI
revealed hypoplasia of the corpus callosum. A novel heterozygous frameshift mutation ¢.2699 2700dup (p.Leu901TyrfsTer2) in
POGZ was identified and classified as pathogenic according to ACMG criteria (PVS1 + PS2 + PM2 + PP4). The variant was not
reported in existing genetic databases, representing a novel pathogenic mutation expanding the POGZ mutational spectrum.
Despite multidisciplinary rehabilitation, neurodevelopmental progress remained limited. Conclusion: This report documents the
first Chinese case of White-Sutton Syndrome caused by a novel POGZ frameshift mutation, emphasizing the importance of early
genetic testing for accurate diagnosis and timely intervention. Genetic diagnosis combined with personalized rehabilitation may
improve long-term neurodevelopmental outcomes for patients with WSS. This case study expands the mutation spectrum of the
POGZ gene and provides valuable reference for the diagnosis, treatment, prognosis assessment, and genetic counseling of WSS
patients.
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1. Introduction

White-Sutton Syndrome (WSS) is a rare neurodevelop-
mental disorder caused by pathogenic mutations in the POGZ
gene, which is typically inherited in an autosomal dominant
pattern [1]. This gene is integral to chromatin remodeling,
chromosome segregation, and neural development. Patients
with WSS often present with a wide range of clinical mani-
festations, including developmental delay, intellectual disa-
bility, autism spectrum disorder (ASD), hypotonia, and dis-
tinctive craniofacial dysmorphisms. Additional complications
can include epilepsy, sleep disturbances, gastrointestinal
issues, and skeletal anomalies [1-4]. Due to the phenotypic
heterogeneity and the absence of disease-specific features,
early diagnosis and intervention are often challenging. To
date, over 120 cases of WSS have been reported worldwide,
with limited cases documented in China. In this report, we
describe a Chinese pediatric patient diagnosed with WSS,
associated with a novel de novo POGZ mutation. By analyz-
ing the clinical and genetic features of this case and compar-
ing them with previous reports, we aim to contribute to the
understanding of this rare disorder and improve diagnostic
and clinical management strategies for WSS.

2. Case Presentation

Medical History

A 4-month-and-17-day-old male infant was admitted due to
developmental delay and persistently abnormal liver function
for more than one month. At 3 months and 7 days of age,
inadequate weight gain was noted. Laboratory tests showed
mildly elevated alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels, and urinary gas chromatog-
raphy—mass spectrometry (GC-MS) revealed increases in
adipic, suberic, sebacic, and pimelic acids. A local hospital
diagnosed acute liver injury and developmental delay and
initiated hepatoprotective treatment and early rehabilitation.
Although liver enzyme levels improved, gross motor devel-
opment remained markedly delayed, and the infant was una-
ble to lift his head or roll over.

The infant was born at 37+4 weeks of gestation by cesarean
section with a birth weight of 2.3 kg and length of 47 cm,
consistent with full-term low birth weight. There was no
history of birth asphyxia. The father was healthy, and the
mother had chronic hepatitis B. No family history of genetic
disorders or consanguinity was reported.

Physical Examination

On admission, the infant's head circumference (36 cm),
length (58.9 cm), and weight (5.08 kg) were all below the 3rd
percentile. His skin appeared dry and flaky, with scattered
erythematous rashes on the trunk.

Dysmorphic craniofacial features included a prominent
forehead, bitemporal narrowing, microcephaly, short philtrum,
downward-slanting palpebral fissures, hypertelorism, a broad
nasal tip, a tented upper lip, low-set ears, and an open-mouth
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posture with tongue protrusion (Figure 1A). Visual tracking
was poor.

Neurological examination revealed axial hypotonia with
inability to lift or sustain the head, increased tone in the lower
limbs, flexed knees with limited extension, and normal deep
tendon reflexes (Figure 1B). Right-sided cryptorchidism and a
small penis were also present.

Respiratory examination showed intermittent stridor with
otherwise normal respiratory rate. Lung auscultation revealed
coarse breath sounds without rales. Cardiac examination was
normal. The liver was palpable 2.2 cm below the right costal
margin; the spleen was not palpable.

Laboratory and Metabolic Evaluation

Routine stool and urine tests, blood gas analysis, liver
function tests, thyroid function, vitamin profiles, and tandem
mass spectrometry screening for inherited metabolic disorders
were generally unremarkable. Additional findings included:

1). reversed urinary serine/threonine ratio

2). mild glycosuria

3). decreased serum zinc and iron levels

4). a developmental assessment general quotient of 33.33,

corresponding to approximately a 1-month develop-
mental level

5). bilateral retinitis pigmentosa on fundus examination

Imaging and Electrophysiology

Chest radiography showed mild exudative changes in the
left lung.

Echocardiography revealed a patent foramen ovale with
mild tricuspid regurgitation.

Auditory brainstem response (ABR) testing showed ab-
normal wave | differentiation in the right ear, with elevated
auditory thresholds (left: 50 dBnHL; right: 60 dBnHL).

Brain MRI demonstrated hypoplasia of the genu and body
of the corpus callosum and mild enlargement of the frontal
and temporal extracerebral spaces (Figure 2).

Electroencephalography was normal.

Diagnosis and Hospital Management

Preliminary diagnoses included global developmental de-
lay, auditory impairment, hypertonia, abnormal liver enzymes,
and congenital laryngomalacia.

During hospitalization, treatment consisted of nasal can-
nula oxygen therapy, cefuroxime for pulmonary infection,
budesonide nebulization, and infrared chest physiotherapy.
Nutritional support, probiotics, zinc and iron supplementation,
and early rehabilitation—including massage, visual tracking,
prone lifting, and postural control training—were initiated.

Given the multi-system involvement, distinctive craniofa-
cial features, significant developmental delay, ocular and
auditory abnormalities, and MRI findings, a neurodevelop-
mental genetic disorder was suspected. Whole genome se-
guencing (WGS) of the patient and his parents was performed
after informed consent.

Follow-up
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After 11 days of hospitalization, the infant was discharged
with diagnoses of bronchopneumonia, retinitis pigmentosa,
auditory impairment, hypertonia, congenital laryngomalacia,
growth retardation, zinc deficiency, iron deficiency, and pa-
tent foramen ovale.

Following discharge, he continued home oxygen therapy
and systematic rehabilitation including muscle relaxation,
tactile grasping training, prone and vertical head lifting exer-
cises, and visual stimulation. Despite continuous intervention,
his developmental progress remained limited, and recurrent
respiratory infections required repeated hospitalizations.

At the 13-month follow-up, the child was wearing hearing
aids, had poor head control, remained unable to sit inde-
pendently, but responded to sounds with vocalizations and
smiling. Long-term prognosis remains under observation.
Figure 3 shows the child’s appearance at 13 months.

Genetic Findings

Whole genome sequencing identified a heterozygous
frameshift variant in the POGZ gene: ¢.2699 2700dup
(p.Leu901TyrfsTer2). Sanger sequencing confirmed the var-
iant in the patient, while both parents tested negative, indi-
cating a de novo origin (Figure 4).

The variant meets the following ACMG pathogenicity cri-
teria:

1). PVS1 (very strong): null variant consistent with

loss-of-function mechanism

2). PS2 (strong): confirmed de novo mutation

3). PM2 (moderate): absent from major genomic and liter-

ature databases

4). PP4 (supporting): phenotype highly consistent with

White-Sutton syndrome

Accordingly, the variant was classified as pathogenic. In-
tegrating clinical, imaging, ophthalmologic, audiologic, and
genetic findings, a definitive diagnosis of White-Sutton syn-
drome was established.

3. Discussion

Molecular Mechanism and Neurodevelopmental Patho-
physiology

White-Sutton syndrome (WSS) is primarily caused by
pathogenic variants in POGZ, a gene essential for chromatin
remodeling, mitotic progression, and transcriptional regula-
tion. As an HPla-interacting protein, POGZ plays a central
role in maintaining chromatin architecture and regulating
gene expression during neurodevelopment [1, 5]. The HPZ
domain of POGZ binds HP 10 and modulates Aurora B kinase
activity, enabling the dissociation of HP1a from chromosomal
arms during mitosis and ensuring proper chromatin conden-
sation and segregation [6]. Disruption of this pathway due to
loss-of-function variants leads to mitotic arrest, reduced
neural progenitor proliferation, and impaired neuronal dif-
ferentiation [6, 7]. POGZ expression peaks during gestational
weeks 8-9 and declines after birth [5], underscoring its critical
role in early cortical development. Deficiency of POGZ can
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impair midline brain formation, cortical layering, and tran-
scription of synaptic genes [7, 8]. Studies in mouse models
carrying a POGZ missense variant (Q1042R) and
iPSC-derived neuronal models have demonstrated abnormal
POGZ localization, defective neuronal differentiation, re-
duced dendritic complexity, and ASD-like behaviors [8].
Transcriptomic analyses have also shown dysregulation of the
L1CAM pathway in POGZ-deficient cells, and partial rescue
of neuronal defects following LLCAM silencing, suggesting a
potential mechanism underlying disrupted neural circuit
formation [8]. Recent multi-omics studies further demonstrate
that POGZ regulates neuronal migration, chromatin accessi-
bility, and synaptic plasticity through multiple transcription
factor networks.

Multi-System Involvement and Broader Biological Roles of
POGZ

Although neurodevelopmental abnormalities represent the
core phenotype of WSS, increasing clinical evidence indicates
multi-organ involvement, including craniofacial dys-
morphism, skeletal abnormalities, cardiac malformations,
hypotonia, gastrointestinal issues, auditory impairment, and
ocular pathology. This broad phenotypic spectrum reflects the
widespread expression of POGZ in various embryonic tissues
such as the heart, liver, kidneys, skeletal muscles, and hema-
topoietic system [2, 5]. As a chromatin remodeling protein,
POGZ contributes to transcriptional stability and cell cycle
progression in rapidly proliferating or transcriptionally active
cells; therefore, its dysfunction affects multiple developmen-
tal pathways. Experimental studies have shown that POGZ
interacts with the Wnt/B-catenin and Notch signaling path-
ways [9], both of which are essential for organogenesis.
Dysregulation of these pathways may explain the systemic
clinical findings observed in WSS. Cohort studies involving
more than 120 reported cases worldwide reveal substantial
phenotypic variability among POGZ mutation carriers, sug-
gesting incomplete penetrance and potential involvement of
modifier genes. The estimated prevalence of WSS is less than
1 per 1,000,000 [7], highlighting its rarity. The present case
demonstrates neurological, auditory, ocular, and structural
brain abnormalities, consistent with previously reported fea-
tures while expanding the clinical spectrum in the Chinese
population.

Comparison With Previously Reported Cases

Most reported WSS cases involve de novo truncating
POGZ variants, consistent with the heterozygous frameshift
variant identified in our patient (c.2699_2700dup). The child's
clinical presentation aligns with the frequently described
manifestations in WSS, including global developmental delay,
hypotonia, craniofacial dysmorphism, sensory impairments,
and corpus callosum hypoplasia. However, features such as
congenital laryngomalacia, recurrent respiratory infections,
and early-onset retinitis pigmentosa are less commonly
documented and may reflect population-specific variation or
the influence of additional genetic or environmental modifiers
[10, 11]. Recent experimental studies using POGZ mutant
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mouse models and pluripotent stem-cell systems have pro-
vided further support for the multi-system involvement of
POGZ -related disorders. Conditional POGZ knockout and
dominant-negative POGZ mouse lines recapitulate core neu-
rodevelopmental features and, in severe allelic states, can
show congenital heart defects such as ventricular septal de-

fects, which are suspected to contribute to embryonic lethality.

Together with human embryonic stem-cell and ESC-derived
neural models, which demonstrate impaired neural differen-
tiation and widespread transcriptional dysregulation follow-
ing POGZ loss of function, these data support a pathogenic
mechanism that affects both brain development and other
organ systems. [12, 13].

Clinical Implications, Prognosis, and Therapeutic Per-
spectives

Currently, there is no targeted pharmacological therapy for
WSS. Because POGZ mutations disrupt neural development,
synapse formation, and chromatin remodeling, management
is primarily symptomatic and supportive. However, growing
evidence demonstrates that early, structured, and sustained
intervention can significantly improve developmental out-
comes [14, 15]. In this case, although speech delay persists,
the child showed notable progress in motor and neurological
function following comprehensive early rehabilitation. This is
consistent with studies indicating that early developmental
intervention enhances neuroplasticity in children with chro-
matin remodeling disorders. Future management should pri-
oritize early audiological assessment to optimize speech and
language development, as hearing impairment is common in
WSS [16, 17]. A multidisciplinary approach involving neu-
rorehabilitation, speech therapy, psychological support, and
genetic counseling is essential for comprehensive care [18,
19]. Precision medicine strategies—such as individualized
rehabilitation based on genetic information and exploration of
pharmacological-assisted neurorehabilitation—represent
emerging management directions. Further research using
tissue-specific knockout models and single-cell tran-
scriptomics may clarify the differential roles of POGZ across
organ systems and identify potential therapeutic targets.

4. Conclusion

This case report provides a comprehensive characterization
of the patient’s multisystem clinical manifestations through
detailed clinical assessment, imaging studies, auditory and
visual evaluations, and developmental testing, thereby outlin-
ing the core features of White-Sutton syndrome (WSS). Most
importantly, whole-genome sequencing identified a previously
unreported de novo pathogenic frameshift variant in the POGZ
gene, €.2699_2700dup (p.Leu901TyrfsTer2). This novel mu-
tation expands the known mutational spectrum of POGZ and
further enriches the genotype—phenotype correlation of WSS.
The findings highlight the critical role of early genetic testing in
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children presenting with complex, multisystem developmental
abnormalities, as it facilitates timely diagnosis, prognostic
evaluation, and individualized rehabilitation planning. Overall,
this case contributes valuable clinical and genetic evidence that
enhances current understanding of WSS and provides mean-
ingful reference for future research on its molecular mecha-
nisms and precision management.
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Appendix

Figure 1. Craniofacial deformity characteristics.

The child exhibits a high forehead, bilateral temporal nar-
rowing, microcephaly, a short head, short philtrum, down-
ward slanting palpebral fissures, wide interpupillary distance,
flattened nasal bridge, broad nasal tip, tent-shaped upper lip,
open mouth with tongue protrusion, and low-set ears (Figure
1A). Increased muscle tone in the lower limbs, with knee
flexion and limited extension (Figure 1B).
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Figure 2. Brain MRI of the child. The corpus callosum at the genu q m

and body (indicated by red arrows), bilateral frontal lobes (indicated o

by blue triangles), and temporal lobes show underdevelopment ~ Figure 3. Follow-up at 1 year and 1 month of age. The child is
(indicated by red triangles). The corresponding extra-axial spaces wearing a hearing aid, has weak neck control, cannot sit, responds to
are slightly widened (indicated by blue arrows), suggesting possible  calling with vocalizations, and smiles.

cerebral dysgenesis.
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Figure 4. Sanger sequencing of the POGZ gene in a family of three. The child exhibits a heterozygous mutation in the POGZ gene,
€.2699_2700dup (p.Leu901TyrfsTer2), which is not present in either of the parents.
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