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Abstract:White–Sutton syndrome is a rare type of autosomal dominant neurodevelopmental disorder caused by mutations, mostly de
novo, in the POGZ gene. No more than 120 patients have been described so far in the literature. Common clinical manifestations
include intellectual disability, developmental delay, autism spectrum disorder, other behavioral abnormalities, sleeping problems,
hyperactivity and visual problems. We describe a 20-year-old male patient from Colombia who presented with delayed psychomotor
development, intellectual disability, obesity, sleep difficulties, hypotonia, hypogonadism, gynecomastia, visual abnormalities and
several facial dysmorphisms. Genetic testing showed a novel heterozygous frameshift variant (c.3308del; p.Leu1103Profs*19) in
the POGZ gene (NM_015100.3). This is the first report of a diagnosed patient with WHSUS in Colombia.
Keywords: WHSUS, neurodevelopmental disorder, Colombia, case report

Introduction
White–Sutton syndrome (WHSUS, OMIM:616364), also known as POGZ-Related Intellectual Disability Syndrome, is
a monogenic, autosomal dominant neurodevelopmental disorder (NDD) identified for the first time by the Deciphering
Developmental Disorders Study (2015) in two out of 1133 children with severe, undiagnosed developmental disorders
analyzed using exome sequencing and detection of chromosome rearrangement.1 WHSUS is caused by mutations in the
pogo transposable element derived with ZNF domain (POGZ) gene,2 which encoded a 1410 aminoacids protein.
A growing line of evidence suggests that POGZ protein is involved in transcriptional dysregulation,3 chromosome
segregation during mitosis and meiosis4 and also binding to different isotypes of human heterochromatin protein 1 (H1P),
which in turn, is involved in transcriptional silencing and modulation of chromatin arrangement.5 Although it is not fully
understood what the role of POGZ protein is in a physiological and pathological context, pogz knockout mice exhibit
abnormal brain development, smaller absolute brain, altered neurogenesis in the embryo and adult mice, growth delay
and abnormal motor, cognitive and social behavior.3

Currently, there are no established diagnostic criteria for White–Sutton syndrome (WHSUS) and of cases published
so far, a discrete phenotype for this disorder has not yet been identified.6 Furthermore, WHSUS is heterogeneous at both
phenotypic and genotypic levels which is why the only manner of properly diagnosing this condition is by looking for
mutations in the POGZ gene that may lead to a lack or malfunction of POGZ protein and are associated with a set of
neurodevelopmental abnormalities.1

Patients withWHSUS have intellectual disability varying from borderline to severe, developmental delay with speech and
language more affected than motor development, autism spectrum disorder (ASD), other behavioral abnormalities such as
anxiety and limited social interactions, sleeping problems, hyperactivity and visual problems. Some other variables may be
present in some patients, such as brachycephaly, microcephaly, hypertelorism, midface hypoplasia, small mouth with thin
upper lip hypotonia, feeding problems, obesity or other gastrointestinal manifestations, seizures, strabismus, hearing loss,
genital abnormalities, urinary tract anomalies, adducted thumb, and peripheral polyneuropathy.6–9 Furthermore, a novel and
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distinctive phenotypes have been recently described, consisting of paroxysmal non-epileptic events, EEG abnormalities
without seizures, or the coexistence of both in the same patient.10 Overall, the expressivity ofWHSUS is variable, with limited
knowledge about the genotype-phenotype correlation in this disorder. However, individuals with the same variant in the
POGZ gene tend to have the same clinical features.6 Since its discovery and up to 2021, nearly 117 patients withWHSUS and
72 different disease-causing variants in the POGZ gene have been reported.6 Among these patients, most have frameshift
(41%) and nonsense (40%) variants and to a lesser extent, missense (8.5%), splice site (7%), deletions of several exons or the
whole gene (2.5%) and small in-frame deletions (1%) variants.6 Here we report the first Colombian patient with a novel
heterozygous frameshift variant in the POGZ gene causing a clinical phenotype compatible with White–Sutton syndrome.

Case Presentation
A 20-year-old Colombian male was born to healthy parents and delivered at 40 weeks of gestation without complications. His
mother and father were non-consanguineous and aged 27 and 35 years, respectively, at the time of birth. Birth weight was 3600
g (10th-25th percentile) and height was 51 cm (50th-75th percentile). No facial, phenotypic or neurological abnormalities
were noticed at birth. The patient crawled and walked at 6 and 14 months, respectively. His family history was unremarkable.

At the age of 10 years, the patient was diagnosed with obesity. A neuropsychological test was performed at 14 years
old, revealing an Intelligence Quotient (IQ) of 40, suggestive of moderately cognitive impairment. Between ages 15 and
16 years, Multiplex Ligation-dependent Probe Amplification (MLPA) for the 15q11.2 region and Array CGH KaryoNIM
genetic testing were made with no abnormal results. Clinical exome sequencing (Illumina NGS technology) performed at
18 years old showed the heterozygous variant c.3308del (p.Leu1103Profs*19) in the POGZ gene (NM_015100.3),
Subsequent Sanger sequencing confirmed, classified as likely pathogenic (criteria: PVS1, PM2, according to the College
of Medical Genetics and Genomics ACMG)11 and was neither described in the literature to date nor reported in databases
such as Clinvar, ExAC, 1000 genomes and HGMD. This mutation causes a frameshift with a premature stop codon,
truncating the POGZ protein at aminoacid residue 1122. Analysis of translation-dependent Nonsense-Mediated Decay
(NMD) using the NMDEscPredictor computational tool (https://nmdpredictions.shinyapps.io/shiny/)12 revealed that this
variant escapes NMD (a manner in which the cells destroy aberrant RNAwhose translation may lead to altered proteins),
therefore is not likely a loss-of-function variant or null allele.

Physical examination at the age of 20 years showed delayed psychomotor development, intellectual disability, sleep
difficulties, hypotonia, central obesity, genital features compatible with Prader stage III and testicular volume of 10mL,
gynecomastia, acanthosis nigricans in the neck, visual abnormalities, strabismus, astigmatism and myopia. Dysmorphic features
included hypotonic facies, epicanthus and bitemporal narrowing, curved eyebrows, midface hypoplasia, flat nasal bridge, broad
nasal tip, open mouth, short philtrum, downturned corners of the mouth, long malar ridge, flat malar ridge, pointed chin,
prognathism, high-arched palate, short neck and the presence of a mild brachycephaly cannot be excluded (Figures 1 and 2).
Obsessive, hoarding behavior was observed. Cranial computed tomography, echocardiogram, audiometry and electroencephalo-
gram were normal. No gastrointestinal, skeletal, cardiovascular, self-injurious behavior or severe autistic features were noticed.
Weight was 111 kg (>97th percentile), height was 181 cm (50–75th percentiles) and head circumference was 55.6 cm (64th
percentile). Paraclinical tests showed that LDL cholesterol (97 mg/dL), total cholesterol (156 mg/dL), Thyroid-stimulating
hormone (1.4 mIU/L), free thyroxine (0.9 mcg/dl), total bilirubin (0.7 mg/dL), glycosylated hemoglobin (5.3%), triglycerides
(101mg/dL) and aspartate aminotransferase (20U/L) were normal. Alanine aminotransferase (44U/L) and free insulin (20mcU/
mL) were elevated.

Discussion
Neurodevelopmental disorders (NDD) are a group of pathologies with onset in the developmental period and include a wide
variety of conditions such as intellectual disability, communication disorders, autism spectrum disorder (ASD), attention-deficit
/hyperactivity disorder (ADHD), neurodevelopmental motor disorders and specific learning disorders.13 Latin America has the
highest estimated prevalence of NDD, 33.4 (95% CI=28.9–38.0) per 1000 people, among low and middle-income countries.14

One particular and often problematic feature for the diagnosis of NDD is their considerable heterogeneous but also overlapping
phenotypes, which is why the genetic diagnosis of NDD provides important information. The patient in this case had delayed
psychomotor development, intellectual disability, sleep difficulties, hypotonia, central obesity, hypogonadism, visual
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abnormalities and several face dysmorphic features. He also had a finding of a likely pathogenic variant in the POGZ gene,
classified as such because has not been reported in the literature so far and there is no experimental evidence of causality.

72 different variants, almost all de novo, have been reported in the POGZ gene of White–Sutton syndrome (WHSUS)
patients6 spanning almost all the coding sequences of the gene and with 38 corresponding to frameshift variants.
However, the most severe phenotypes seem to be associated with frameshift, nonsense and missense variants that escape
NMD and are located in the proline-rich domain of POGZ protein.6 The frameshift variant found in our patient is located
in the interdomain region between the Centromere protein (CENP)-B-DNA-binding domain and the DDE domain; it
removes almost 288 aminoacid residues from the POGZ protein, although it escapes NMD and therefore can be
functional to some extent. Taking together all symptoms and the lack of severe behavioral abnormalities, congenital
malformations, seizures, brain architecture alteration, hearing problems and central nervous system abnormality, this
patient had a mild WHSUS phenotype that could contribute to the delay in diagnosis compared to the median of reported
genetic diagnosis (18 vs 6 years old, respectively).6

Figure 1 (A) frontal and (B) lateral view of the patient. The pictures were taken when the patient was 20 years old.
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Only one patient has been reported to have a frameshift variant (c.3312del; p.Phe1104Leufs*18) in the same protein
domain as our patient (c.3308del; p.Leu1103Profs*19). This 7-year-old male patient had mild intellectual disability (TIQ
score 50–69), global developmental delay, gross motor developmental delay, speech delay, hypotonic facies, obstructive
sleep apnea, vision problems, obesity and dysmorphic features such as brachycephaly and microcephaly, flat nasal bridge
and overfield ears.15 Similar conditions were found in our patient except for brachycephaly, microcephaly, global
developmental delay and gross motor developmental delay; which may be associated with the similar type of alteration
in the POGZ gene in this and our patient. Furthermore, although monogenic defects leading to NDD are the minority of
cases,13 some patients will benefit from genetic testing as this can influence the disease management, monitor possible
complications and guide treatment. This case highlights the importance of genomic evaluation in such patients. Finally,
one important limitation in this study is that no genetic testing has been performed on the patient’s parents, and therefore
it is not possible to confirm whether this variant arose the novo in the proband.

Conclusion
Here we report a variant in the POGZ gene leading to White–Sutton syndrome. As far as we know, this is the first patient
with WHSUS diagnosed in Colombia as well as the first time the variant c.3312del; p.Phe1104Leufs*18 in the POGZ
gene has been reported. The characteristics of our patient are compatible with those described previously for patients
with WHSUS and, as expected, they overlap with conditions of other NDD but also contribute to the phenotypic
characterization of these patients. In this case, genetic testing allowed us to identify this rare condition in the patient that
otherwise, would have been difficult to suspect or diagnose.

Figure 2 Frontal view of patient’s face. The picture was taken when the patient was 20 years old.
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