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I Abstract

Introduction. Wiedemann-Steiner syndrome is caused by mutations in the KMT2A gene (11923.3). It might be inherited
autosomal dominant or appear de novo. Features described in the syndrome include developmental delay, short stature,
hypotonia, hypertrichosis, facial dysmorphic features, and intellectual disability.

Case Report. A boy aged 5.5 months was admitted to the Genetics Outpatient Clinic due to delayed psychomotor
development. Microsomia, hypotonia, joint laxity, and facial dysmorphic features were noticed. No genomic imbalance
was found in microarray, based on comparative genomic hybridization. The ¢.3528G>T variant of the KMT2A gene was
identified on chromosome 11 of the missense type in next-generation sequencing. The reasons for phenotypic features
were confirmed in genetic research.

Conclusions. Wiedemann-Steiner syndrome has a variable clinical phenotype. There is a strong need to pay attention to

phenotypic features that may suggest the syndrome and refer patients for appropriate genetic diagnostics.
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INTRODUCTION

Wiedemann-Steiner syndrome (WDSTS, OMIM #605130)
is a rare disease with a frequency of 1:25,000-40,000 births
[1, 2]. The syndrome was described for the first time in 1989
by Hans-Rudolf Wiedemann et al. [3] and first stated as a
syndrome by Carlos E. Steiner and Antonia P. Marques [4].
Its genetic basis was found in 2012 by Wendy D. Jones et al.
[5]. It is caused by germinal heterozygous mutations in the
KMT2A gene encoding lysine-specific methyltransferase
2A [6, 7]. The gene is also known as MLLI and is located on
the long arm of chromosome 11 (11q23.3) [7, 8, 9]. Genetic
variants in the KMT2A gene may be inherited autosomal
dominant or appear de novo [6, 9, 10]. Patients are diagnosed
usually in the neonatal, infant, or childhood period [2].
Wiedemann-Steiner syndrome is characterized by a
variable phenotype: developmental delay, short stature,
hypotonia, hypertrichosis of the elbows or back, facial
dysmorphic features, small hands and feet, abnormalities
in the structure of the heart (PDA), genitourinary system,
skeleton, and teeth, mild to moderate intellectual disability,
seizures, autistic features, attention deficit, and hyperactivity
disorder [1, 3,6, 9, 11, 12, 13]. Chiari malformation, tethered
cord, dysmotility of the gut, growth hormone deficiency,
and hypogammaglobulinaemia have been reported less
frequently [2]. Among facial dysmorphic features, the
following characteristics are enumerated in the literature:
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flat and round face, low-set ears, short nose, broad nasal
bridge, thick or arched eyebrows, telecanthus, widely- spaced
eyes, vertically narrow palpebral fissures, long and dense
eyelashes, long philtrum, and high-arched palate [1, 5, 11, 13].

Wiedemann-Steiner syndrome sometimes is misdiagnosed
with other disorders, such as autism spectrum disorders,
Rubinstein-Taybi syndrome, Kabuki syndrome, Coffin-
Siris syndrome, or Cornelia de Lange syndrome [2, 5, 6].
Specific treatment for Wiedemann-Steiner syndrome is not
accessible. In most cases of children with the syndrome,
there is hypotonia and developmental delay; therefore, early
inclusion of physical therapy services becomes a significant
aspect of management [14]. In some patients with growth
hormone deficiency and short stature, growth hormone
therapy is indicated [2, 15]. Life expectancy is not shortened
in most cases [2]. The study aims to present a medical history
and diagnostic process of a patient with Wiedemann-Steiner
syndrome.

CASE REPORT

A patient was admitted to the Genetics Outpatient Clinic the
first time at the age of 5.5 months due to delayed psychomotor
development. The boy was born from the first pregnancy,
first delivery, at 37 weeks of pregnancy by caesarean section
due to imminent foetal asphyxia. From the 31st week of
pregnancy, weaker weight and length gain were noted.
Intrauterine infection was diagnosed in the perinatal period.
Apgar score after birth was 7 and 9 points. Body weight was
2,740g, body length 50cm, head circumference 33cm, and
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chest circumference 32 cm. The patient’s parents were non-
consanguineous Caucasians (Fig.1). For 5 years his mother
had difficulties with becoming pregnant. In her medical
history, she also presented with removed ovarian cyst 2 years
before the birth of the boy, and hypothyroidism treated with
levothyroxine from the 36th week of pregnancy. Six years
before the birth of the boy, his father had been treated with
chemotherapy for testicular cancer. Both parents were 38-
years-old at the birth of the boy who had no siblings.

Figure 1. Genetic lineage of the proband’s family

Delayed psychomotor development was seen in different
areas: lifting the head at the age of 5.5 months, sitting up at the
age of 18 months, speaking at the age of 2, and walking at the
age of 2 years and 7 months. Body length, height, and weight
were below the 3rd percentile on growth charts during 2-year
observation in the Outpatient Clinic. Microsomia, decreased
muscle tone, joint laxity, flat feet, flat face, low-set ears, wide,
slightly concave nasal bridge, smooth philtrum, and high-
arched palate were described in the patient (Fig. 2-4). The
boy also suffered from a food allergy, hypothyroidism, patent
foramen ovale (PFO), and patent ductus arteriosus (PDA).
He had problems with gross motor and fine motor skills and
expressing emotions.

No genomic imbalance was found in microarray-
based comparative genomic hybridization (aCGH). Next-
generation sequencing (NGS) and whole-exome sequencing
(WES) was commissioned, augmented by an analysis of

|

Figure 2. Face of the patient with Wiedemann-Steiner syndrome. Note
characteristic facial features: flat face, low-set ears, wide, slightly concave nasal
bridge, smooth philtrum

Figure 3. Arms of the patient with Wiedemann-Steiner syndrome. Note
characteristic features: brachydactyly, puffy hands
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Figure 4. Back and feet of the patient with Wiedemann-Steiner syndrome. Note
characteristic features: hypertrichosis of the back, small and flat feet

the complete mitochondrial genome and a panel of known
pathogenic variants beyond the exome. The Twist Human
Core Exome 2.0, Comp Spike-in, and Twist mtDNA Panel
(Twist Bioscience) kit were used to perform the study.
Analysis of DNA copy number variation (CNV) showed no
changes that could explain the proband’s symptoms. In WES,
a change in the KMT2A gene at the p.(Lys1176Asn) protein
level at the cDNA level ¢.3528G>T of a missense type was
diagnosed (NM_005933.4:c[3528 G>T;[3528=]). The variant
in the proband’s parents was excluded (de novo lesion).

DISCUSSION

Enzyme lysine-specific methyltransferase 2A modifies the
expression of other genes and catalyzes mono-, di-, and tri-
methylation of lysine 4 of histone H3 (H3K4). It regulates
chromatin modifications associated with epigenetic trans-
criptional activation of various genes, including genes
involved in embryonic development, neurodevelopment,
and haematopoiesis [6, 15, 16, 17, 18]. The highest expression
of KMT2A occurs in the ovary, lymph node, brain, and
skin tissue. However, the gene is widely expressed in most
human tissues [19].

Pathogenic germline changes in the KMT2A gene, including
frameshift (41%) and stop mutations (29%), followed by
missense variants (18%), are the cause of Wiedemann-Steiner
syndrome [16]. According to Shepperd et al., most variants
were frameshift (37.8%) and nonsense (29.3%). Missense
variants were noted in 20.7% of the variants and were followed
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by splice site variants found in 11% of patients. According to
the study, most Wiedemann-Steiner cases (55.5%) appeared
de novo [13]. The ¢.3528G>T variant of the KMT2A gene, as
in the patient in the case study, has not yet been described
in the literature and databases (dbSNP (https://www.ncbi.
nlm.nih.gov/snp/, accessed 20.12.2022 ClinVar (https://www.
ncbi.nlm.nih.gov/clinvar/, accessed 20.12.2022, and gnomAD
(http://gnomad.broadinstitute.org/, accessed 20.12.2022). The
missense mutation in the current patient’s genotype caused
an amino acid change in the lysine-specific methyltransferase
2A sequence. Both dominant negative mechanisms and loss
of function have been hypothesized to cause Wiedemann-
Steiner syndrome by this type of mutation. However, the
mechanism associated with missense mutations of KMT2A
still remains ambiguous [17].

In the literature, there is a large variety of variants that
cause the syndrome. Shepperd et al. reported that 69 of the
82 variants observed in the analysis (84%) were not previously
described in the literature [13]. Similar conclusions were
noted by Baer et al. In a study of 33 French Wiedemann-
Steiner cases, 29 novel mutations were found [20].

Causes of de novo mutations include exposure of gametes to
mutagens. In the study by Kaplanis et al. paternal exposure to
chemotherapy before conception was probably a key driver of
hypermutation in 5 of the 12 studied families [21]. However,
it cannot be stated with certainty that in the current case the
chemotherapeutic agents used in the father for testicular
cancer caused a de novo mutation of the KMT2A gene, which
was passed on to the son.

Sun et al. suggest that there might be a difference in
symptoms of the syndrome depending on ethnicity. For
example, absent palmar proximal transverse creases have
only been observed in 2 Chinese boys described with novel
nonsense KMT2A mutations [22]. White individuals were
significantly more likely to have a bifid uvula and a thin upper
vermillion border of the lip than black indigenous people [13].

Moreover, KMT2A somatic mutations have been described
in several tumors, mainly blood neoplasms like leukemias and
lymphomas [16]. There is no data in the literature that patients
with Wiedemann-Steiner syndrome might have an increased
risk of neoplasms caused by somatic KMT2A mutations.
Shepperd et al. performed a retrospective, observational,
multicentre analysis of 104 patients with Wiedemann-Steiner
syndrome from 5 continents and various racial and ethnic
origins. In the cohort including 23 adults with the oldest in
their forties, no cancers were reported [13]. Currently, no
specific measures for cancer surveillance can be recommended
or negated for patients with Wiedemann-Steiner syndrome.

CONCLUSIONS

The reasons for phenotypic features present in the patient
were confirmed in genetic studies. According to the
literature, Wiedemann-Steiner syndrome has a variable
clinical phenotype with possible de novo occurrence, as in
the presented case. There is a need to identify new genetic
variants of KMT2A mutations that cause the syndrome,
and confirm whether phenotypes of different patients with
Wiedemann-Steiner syndrome vary between each patient
depending on the variant. More data are needed to confirm
or deny an increased neoplasms risk in patients with
Wiedemann-Steiner syndrome. Even though Wiedemann-

Steiner syndrome is a rare disease with various expressions
of symptoms, it is necessary to pay attention to phenotypic
features that may suggest the syndrome and refer patients
for appropriate genetic diagnostics. Wiedemann-Steiner
syndrome probably remains under-diagnosed.
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