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Abstract. Wiedemann‑Steiner syndrome (WSS) is a genetic 
disorder characterized by a wide range of clinical symptoms, 
including developmental delay, intellectual disability, charac‑
teristic facial features, and other clinical features. It is part of 
group of disorders with an overlapping phenotypic spectrum 
known as chromatinopathies. WSS has been linked to hetero‑
zygous pathogenic mutations in the lysine methyltransferase 
2A (KMT2A) gene that encodes a protein that is part of the 
epigenetic machinery. The present study reports the case of 
a 2‑year‑old female patient that presented with a variety of 
clinical features, including hypertelorism, thick eyebrows and 
epicanthus. Whole exome sequencing (WES) analysis was 
performed on the patient and the results revealed the presence 
of a rare heterozygous mutation in KMT2A, namely c.517C>T. 
The mutation was not detected in her parents, indicating that 
it occurred de novo in the patient. To the best of our knowl‑
edge, this is the first description of a patient with WSS due 
to the c.517C>T mutation. The present case report includes a 
detailed description of the phenotypic characteristics of the 
patient, which is crucial for genetic counseling in cases where 
this mutation is detected. Finally, the present study emphasizes 
the significance of utilizing WES for achieving differential 
diagnosis when a chromatinopathy is suspected.

Introduction

Wiedemann‑Steiner syndrome (WSS) is a genetic disorder 
characterized by a wide range of clinical symptoms, including 
developmental delay, intellectual disability, distinctive facial 
features, and other clinical features (1). Some of the facial 
features are thick eyebrows with lateral flare, vertically narrow 
and downward slanted palpebral fissures, widely spaced eyes 
(hypertelorism), long eyelashes, wide nasal bridge, broad nasal 
tip, thin vermilion of the upper lip and thick scalp hair (1,2). In 
addition to the aforementioned clinical manifestations, other 
features include ophthalmologic anomalies, hand anomalies 
(like brachydactyly and clinodactyly), congenital heart defects, 
as well as prenatal and postnatal growth restriction (1,2).

WSS is part of a group of disorders known as chro‑
matinopathies, which are caused by mutations in genes that 
encode components of the epigenetic machinery (3). More 
specifically, WSS has been linked to heterozygous patho‑
genic mutations in the lysine methyltransferase 2A (KMT2A) 
gene (1,4). KMT2A encodes the protein lysine methyltrans‑
ferase 2A, which is part of the KMT family. This group of 
proteins is part of the epigenetic machinery and is crucial for 
gene expression. More specifically, the KMT family catalyzes 
the transfer of methyl groups from S‑adenosylmethionine to 
lysine residues on histone H3 tails. KMT2A in particular, is 
responsible for transcriptional activation through lysine 4 of 
histone 3 (H3K4) methylation. H3K4 methylation positively 
regulates the transcription of multiple genes, including genes 
involved in hematopoiesis and neuronal development (5).

The present study reports the case of a 2‑year‑old female 
patient that presented with a variety of clinical features 
including hypertelorism, thick eyebrows and epicanthus. 
Whole exome sequencing (WES) analysis was performed and 
the results revealed the presence of a heterozygous pathogenic 
mutation in KMT2A, namely c.517C>T, suggesting a WSS 
diagnosis. Its de novo origin was confirmed by DNA analysis 
of the parents. This is a rare mutation that has been docu‑
mented only twice in the ClinVar database and to the best of 
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our knowledge, there are no reported cases of this mutation in 
the scientific literature. Hence, to the best of our knowledge, 
the present study describes the first report of WSS caused by 
the c.517C>T mutation in KMT2A, that includes a detailed 
description of the clinical manifestations in the patient.

Case report

A 2‑year‑old girl was referred to Access to Genome, Clinical 
Laboratory Genetics for genetic testing due to a variety of clin‑
ical features. More specifically, the girl exhibited Kabuki‑like 
gestalt with long palpebral fissures, high frontal hairline, bilateral 
severe epicanthus, hypertelorism, accentuated eyebrows with 
medial flare, a thin upper lip, bulbous nose, posteriorly rotated 
ears with anteverted lobuli, hypoplastic nipples,  increased 
intermamillary distance, hypotonic kyphosis, mild umbilical 
hernia, joint laxity, hypotonia, mild dorsal hypertrichosis, 
early tooth eruption, thin lower legs with protruding knees and 
protruding heels without rocker bottom. She did not exhibit 
a delay in gross and fine motor development and language 
comprehension; however, she had delayed expressive language. 
Moreover, failure to thrive was observed, despite good feeding 
behavior. The patient was hyperkinetic, but without attention 
deficit. Moreover, an electroencephalogram revealed normal 
results, renal, abdominal and heart ultrasound results were 
normal, antigliadin antibody tests were negative, hearing test 
results were normal, sweat test results were normal, and hema‑
tological, biochemical and endocrinological test results were 
also normal. An ophthalmological investigation at 18 months of 
age revealed some immaturity of the optic nerve. At 24 months 
of age, her weight was 10 kg, between 3rd and 25th percentile. 
She had a normal female karyotype (46,XX).

WES analysis was performed on the DNA of the patient 
that was isolated from whole blood cells. Exome amplification 
was performed using AmpliSeq Exome RDY (Thermo Fisher 
Scientific, Inc.). Nucleotide sequencing was performed using the 
Ion Chef Instrument in combination with the Ion GeneStudio 
S5 System (Thermo Fisher Scientific, Inc.). Subsequently, 
4,432 genes associated with known genetic diseases and 
syndromes were analyzed. Data evaluation and interpretation 
were based on the clinical features of the patient. The analysis 
was performed using Alamut Visual and Varsome Clinical 
(Saphetor SA) bioinformatic analysis systems. All findings 
from the aforementioned analysis were evaluated in accordance 
with the international literature and the American College of 
Medical Genetics and Genomics (ACMG) guidelines (6). The 
reference genome was UCSC hg19. Bioinformatics analysis 
revealed the presence of a heterozygous mutation in KMT2A, 
namely c.517C>T. This is a nonsense mutation (p.Arg173Ter or 
R173*) that leads to a premature stop codon in exon 3.

Sanger sequencing was performed in the patient in order to 
confirm the presence of the c.517C>T mutation. Following DNA 
amplification using PCR, part of the KMT2A gene was sequenced 
and was compared to the control sequence. The sequences of the 
primers used were: ACT​CAA​GTT​GAA​CTC​AGT​ACA​AAA​
TGG (forward primer) and CTT​TCT​TCT​TGA​TCT​TAT​CTC​
CAG​ATT​TGGT (reverse primer). The results confirmed the 
presence of the rare mutation. In order to establish whether the 
mutation was inherited or whether it occurred de novo, Sanger 
sequencing of this part of KMT2A was performed on parental 

DNA that was isolated from whole blood cells. The mutation 
was not present in either of the patient's parents, indicating that 
this was a de novo mutation (Fig. 1).

Discussion

The present study describes the case of a 2‑year‑old female 
patient with a phenotype characterized by hypertelorism, thick 
eyebrows, epicanthus, dysplastic ears and others. WES analysis 
revealed that she is a carrier of the c.517C>T nonsense muta‑
tion in KMT2A and further analysis of her parents revealed 
that this mutation occurred de novo. The clinical features of 
the patient combined with the identification of the KTM2A 
mutation are supportive of a WSS diagnosis.

The KMT2A protein is a component of the epigenetic 
machinery, playing a crucial role in epigenetic transcrip‑
tional activation (4). KMT2A is an evolutionary conserved 
gene that is critical for various functional processes during 
embryonic development, spanning from hematopoiesis to 
neurogenesis (4). The encoded protein mediates chromatin 
modifications associated with epigenetic transcriptional acti‑
vation and functions as a positive regulator for the expression 
of numerous target genes  (2). Included in those genes are 
genes that belong to the Hox complex, as well as other genes 
involved in embryonic development (2,7). The disruption of 
KMT2A leads to the dysfunction of the epigenetic machinery 
and the transcriptional activation of genes that are critical for 
development. This ultimately leads to the manifestation of 
clinical symptoms associated with WSS (7).

The role of KMTA has been demonstrated in murine and 
zebrafish animal models. For instance, a previous study on 
zebrafish has demonstrated that KMT2A is essential for neural 
development in zebrafish embryos  (8). Moreover, previous 
research has demonstrated that the complete disruption of 
KMT2A in mouse embryos is lethal, while heterozygous 
animals exhibit a variety of symptoms, including growth delay 

Figure 1. Sanger sequencing results confirming the presence of the c.517C>T 
mutation in KMT2A in the patient described herein. The mutation was not 
detected in the parents.
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and skeletal malformations (9). The phenotypical differences 
between the homozygous and the heterozygous animals suggest 
a dosage‑sensitive regulation by the KMT2A protein  (8). 
Moreover, the essential role of KMT2A in neurogenesis was 
demonstrated in a study where impaired neuronal differentiation 
in the postnatal mouse brain was observed in KMT2A knockout 
mice (5). Other studies on mice have also demonstrated that 
there is a high expression of KMT2A in adult hippocampal 
neurons and that KMT2A is vital for synaptic plasticity, cogni‑
tion, complex behaviors and long‑term memory (10,11).

Mutations in KMT2A have been observed throughout 
the gene, which consists of 37 exons. However, a pathogenic 
mutation hotspot in exon 27 exists. The majority of the 
observed mutations lead to the loss of function of KMT2A (4). 
The c.517C>T mutation is a nonsense mutation, which leads 
to a premature stop codon in exon 3. Nonsense mutations 
in KMT2A are a known pathogenicity mechanism for the 
KMT2A gene. More specifically, these mutations lead to the 
nonsense mediated decay of the transcript, which causes 
haploinsufficiency, ultimately leading to the clinical features 
associated with WSS (1,12). Notably, the c.517C>T mutation 
has not yet been reported in the gnomAD database and only 
two submissions exist in the ClinVar database. Moreover, to 
date, to the best of our knowledge, there is no report of this 
variant in the scientific literature. According to the ACMG 
guidelines, this variant is categorized as ‘Pathogenic’ based on 
the PVS1, PM2, PP5 and PM6 criteria (6).

The clinical features of WSS overlap with those of certain 
other syndromes (1). Due to the wide range of phenotypic 
characteristics of WSS, differential diagnosis based on the 
observed phenotype alone is difficult (2). Notably, mutations 
in KMT2A have been identified in cases initially diagnosed as 
Coffin‑Siris syndrome, Cornelia de Lange syndrome, Kabuki 
syndrome and Rubinstein‑Taybi syndrome  (13‑17), which 
are also chromatinopathies and share similar clinical mani‑
festations. In instances where patients exhibit characteristics 
suggestive of a chromatinopathy, WES serves as an aid in the 
differential diagnosis within this group of disorders.

In the case described herein, a de novo KMT2A mutation 
was identified in the patient. This mutation is a nonsense 
mutation, resulting in a premature stop codon, a known patho‑
genicity mechanism for this gene. Additionally, the symptoms 
observed in the patient align with the expected consequences 
of this mutation. Based on the aforementioned information, 
it can be inferred that the detected KMT2A mutation is the 
underlying cause of the patient's condition. To the best of our 
knowledge, this is the first report of WSS syndrome caused 
by the c.517C>T mutation in KMT2A. The present study 
provides a detailed description of the phenotypic charac‑
teristics of the patient that is critical for genetic counseling 
in cases of prenatal or postnatal detection of this mutation. 
Moreover, the case description in the present study may be 
valuable for evaluating other patients who exhibit features 
of a chromatinopathy. Finally, the present study emphasizes 
the importance of utilizing WES for achieving a differential 
diagnosis when a chromatinopathy is suspected.
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