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Abstract

Introduction: DYRK1A heterozygous pathogenic variants have been shown to cause a syndromic form of intellectual disabil-
ity (ID) with impaired speech development, features of autism spectrum disorder (ASD), microcephaly, and a recognizable
facial gestalt that evolves with age. Patients can also present with gait disturbance or hypertonia, epilepsy, brain imaging,
ocular, and foot anomalies. Methods: This is a cross-sectional study. Clinical data on patients with DYRK1A pathogenic vari-
ants identified at the Clinical Genetics Department of Santa Maria Hospital, in Lisbon, were retrospectively collected from
medical records using a detailed clinical questionnaire. Results: We describe eight unrelated patients, six females and two
males, aged 4 to 24. Fetal growth restriction (FGR) was present in 5/8, and microcephaly in 7/8. ID, ranging from mild to
severe, and language impairment or absent speech were documented in all patients. ASD and/or stereotypic behavior were
reported in 6/8. Five patients presented visual anomalies, most commonly optic disc pallor (in 4). Three main facial features
were consistently reported: deep-set eyes, thin upper lip, and micro/retrognathia. Foot and hand anomalies were frequent.
Discussion/Conclusions: Our cohort illustrates the variable degree of severity of a syndromic form of ID, which includes mild
cases. Microcephaly and a typical neurobehavioral phenotype are in accordance with the literature, as well as some common
dysmorphisms. Interestingly, optic disc pallor seems to be a frequent finding, highlighting the need for ophthalmological sur-
veillance. Our study adds evidence to the existence of a consistent clinical phenotype of DYRK1A-related ID, hopefully con-
tributing to increased awareness and improving the recognition of this entity.
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Perturbacao do desenvolvimento intelectual associada ao gene DYRK1A: uma coorte
de doentes portugueses

Resumo

Introducéao: Variantes patogénicas em heterozigotia no gene DYRK1A causam uma forma sindromatica de perturbagdo do
desenvolvimento intelectual (PDI) com comprometimento do desenvolvimento da linguagem, caracteristicas de perturbagéo do
espectro do autismo (PEA), microcefalia e um gestalt facial reconhecivel que evolui com a idade. Os doentes também podem
apresentar disturbios da marcha ou hipertonia, epilepsia, alteracdes cerebrais estruturais, anomalias oculares e nos pés.
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Métodos: Trata-se de um estudo transversal. Os dados clinicos de doentes com variantes patogénicas no gene DYRK1A
identificados no Departamento de Genética Clinica do Hospital de Santa Maria, em Lisboa, foram recolhidos retrospetivamente
a partir de registos médicos através de um questionario clinico detalhado. Resultados: Descrevemos oito doentes nao apa-
rentados, seis do sexo feminino e dois do sexo masculino, com idades entre 4 e 24 anos. A restricdo do crescimento fetal
(RCF) esteve presente em 5/8 e a microcefalia em 7/8. PDI, ligeira a grave, com compromisso da linguagem ou a sua ausén-
cia, foi documentada em todos os casos. PEA e/ou comportamento estereotipado foram relatados em 6/8. Cinco pacientes
apresentaram anomalias visuais, mais frequentemente palidez do disco Optico (em 4). Trés caracteristicas faciais principais
foram consistentemente relatadas: olhos afundados, Iabio superior fino e micro/retrognatia. Anomalias nos pés e nas méaos
foram frequentes. Discuss@o/Conclusées: A nossa coorte ilustra o grau variavel de gravidade de uma forma sindromatica de
PDI, que inclui casos ligeiros. A microcefalia e um fendtipo neurocomportamental tipico estdo de acordo com a literatura, assim
como alguns dismorfismos comuns. Curiosamente, a palidez do disco déptico parece ser um achado frequente, destacando a
necessidade de vigilancia oftalmoldgica. O nosso estudo acrescenta evidéncias da existéncia de um fenétipo clinico consistente

de PDI relacionada ao gene DYRKT1A, contribuindo para aumentar e melhorar o reconhecimento desta entidade.

Palavras-chave: DYRK1A. Perturbagéo intelectual. Coorte portuguesa.

Keypoints

What is known

— DYRKT1A-related intellectual disability syndrome is a rare
condition with variable degrees of developmental delay
reported.

— Loss-of-function DYRK1A pathogenic variants include dis-
ruptive balanced rearrangements, copy number variants,
and single nucleotide variants (SNVs).

— No genotype-phenotype correlations could be consistently
drawn.

What is added

— We report a new cohort of patients with DYRK1A-related
intellectual disability syndrome.

— With advances on next-generation sequencing techniques,
we expected an earlier diagnosis, raising awareness about
common dysmorphic features, delineating a typical gestalt.

— Considering the prevalence of eye problems, namely optic
disc pallor, a careful ophthalmological evaluation must be
performed.

Introduction

DYRK1A (dual-specificity tyrosine phosphorylation
regulated kinase 1A) is a protein kinase encoded on
human chromosome 212, The gene is dosage-sensi-
tive with an impact on neurodevelopment’. DYRK1A
is over expressed in Down syndrome (DS) and
plays a relevant role in neuronal proliferation, differ-
entiation, plasticity, and aging, making it a primary
target for the development of DS therapeutics®®.
Dysregulation of DYRKT1A levels also occurs in neu-
rodegenerative diseases, such as Alzheimer and
Parkinson®.

Since 2008, the DYRK1A gene has gained attention
in the clinical setting, starting with the description of
two patients with microcephaly, fetal growth restriction,
and febrile seizures. Both had a de novo balanced
translocation that truncated the DYRK1A gene, sug-
gesting DYRK1A haplo-insufficiency is associated with
brain developmental changes’.

In 2011, a de novo micro-deletion involving the last
three exons of DYRKTA was described in a female with
microcephaly and intellectual disability®. Considering
these chromosomal rearrangements, as well as large
deletions encompassing additional genes (that may

contribute to extra-DYRK1A-related features)®'®'", van
Bon et al. proposed that the heterozygous disruption of
this gene causes a distinctive neuro-developmental
syndrome, including mild to severe ID, microcephaly,
and impaired speech?®.

One year later, Courcet et al. described a patient
with an Angelman-like phenotype carrying a frameshift
variant affecting the N-terminal part of the gene'>'3, As
more patients with single nucleotide variants in DYRK1A
were documented, this gene was definitely placed on
the list of genes responsible for syndromic ID.
Furthermore, it has also been linked to autism spec-
trum disorder (ASD), with studies showing
that DYRK1A syndrome accounts for 0.1-0.5% of indi-
viduals with ID and/or autism®'2'4,

Core symptoms of DYRK71A-related ID syndrome
(OMIM#614104) (alsoknownas DYRK1A-haploinsufficiency
syndrome or autosomal dominant mental retardation 7,
MRD7) are ID with impaired speech development of
variable degree, features of ASD with anxious and/or
stereotypic behavior problems, microcephaly, and a
recognizable facial gestalt that evolves with age®'.
Patients can also present with gait disturbance or
hypertonia, epilepsy, brain-MRI anomalies, feeding
issues, eye problems, and foot anomalies'>"".
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Loss-of-function DYRK1A pathogenic variants include
disruptive balanced rearrangements, copy nhumber vari-
ants, and single nucleotide variants (SNVs)'¢. About
500 families are part of the DYRK1A Syndrome
International Association (DSIA). According to our
acknowledge, there are around 112 patients reported in
the literature’3712-%5 of whom with chromosomal abnor-
malities, including large deletions, translocations, inver-
sions, inversion/deletions, and other complex
rearrangements, and 87 patients harboring a SNV. Most
reported SNVs were frameshift variants, followed by
nonsense, missense, and splice site variants'®.

With this report, we aim to contribute to further delin-
eating the phenotype of this still under-recognized but
increasingly diagnosed condition.

Methods

This is a retrospective and cross-sectional study.
Clinical data on patients with DYRK1A variants identified
at the Genetics Department of Santa Maria Hospital, in
Lisbon, were collected from medical records during
2022. We searched in our internal database (Microsoft®
Office Access 2019) for patients with this diagnosis fol-
lowed from January 2010 until December 2022 in our
genetic service of a tertiary level hospital. Patient char-
acterization was performed through a detailed question-
naire, completed by the clinician and organized into a
standardized form designed in Microsoft® Office Excel
2010. This form was based on international registries
and available literature, including information on the
demographics, patient and family history, clinical and
laboratory findings, genetic studies, and evolution. The
molecular diagnosis was possible through whole exome
sequencing (WES, CentoXome® from the Centogene
laboratory in Germany) in all cases.

Results

A diagnosis of DYRK1A-related ID syndrome was
made for eight unrelated patients, six females and two
males, aged 4 to 24 years old, all representing simplex
cases with a pathogenic or likely pathogenic variant in
the DYRK1A gene. The summary of their main clinical
features is shown in table 1.

FGR was present in 5/8. Further growth evaluation
showed short stature in 4/8 and microcephaly in 7/8. ID,
ranging from mild to severe, and language impairment
(6/8) or absent speech (2/8) were documented in all
patients. ASD and/or stereotypic behavior were present
in 6/8. Only two patients had epilepsy, brain anomalies
on MRI were present in 3/7, and 4/8 had gait

disturbance (often ataxic) and hypertonic extremities,
with no need to use support devices. Five patients had
visual anomalies (strabismus, astigmatism, hypermetro-
pia, optic nerve anomalies), with optic disc pallor pres-
ent in four of them.

Characteristic facial features consistently reported
were deep-set eyes (7/8), thin upper lip (8/8), and micro/
retrognathia (5/8). Foot anomalies were described in
5/8 patients. Additional common features included thick
eyebrows, prominent nose, large or dysplastic ears,
and large mouth (Fig. 1).

The diagnosis was made on whole exome sequencing
(WES) in all cases, but suspected clinically in four.
DYRKT1A variants were classified as pathogenic or likely
pathogenic using ACMG criteria. All variants were located
between exons four and ten, and 7/8 were loss of func-
tion, including three frameshift, two splicing, and two
nonsense variants. There was only one missense variant
not affecting the kinase domain. Parental segregation
studies confirmed all cases were de novo (Table 1).

Patient 6 had an additional pathogenic variant in
PKD2 gene, explaining the presence of renal cysts.

Discussion

The purpose of this study was to characterize the
DYRK1A-related ID syndrome patients diagnosed in our
Medical Genetics Department. No Portuguese cohort
has been published so far, and this syndrome is still
unknown to many medical professionals dealing with
ID/ASD patients. We have attempted to further delin-
eate the phenotype of these patients by comparing
them with those already described in the literature har-
boring a causative variant in DYRK1A gene. The clinical
findings were consistent with the literature (Table 1).

Clinically, it is worth emphasizing the variable degree
of severity of ID*6'5, which includes two mild cases in
this cohort. Language impairment is seen in a signifi-
cant proportion of patients'>!”, with completely absent
speech in two of ours. ASD, stereotypes, anxious
behavior, hyperactivity, and sleep disturbances have
also been frequently observed®'®, and were reported
in all but two individuals in this cohort. Conversely, only
two patients had epilepsy, which is lower than in the
literature'>"”. Seizures of the atonic, absence, and gen-
eralized myoclonic types have all been previously
described'®'2'3, FGR was present in 5/8 patients and
can be a non-specific clue for the diagnosis of DYRK1A-
related ID syndrome in the prenatal setting®'®2%, but
more reports are needed to reinforce this finding. Head
circumference at birth is known to be between -1 and
-4 SD, and abnormally slow head growth causes the
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Figure 1. Images depicting similar and key dysmorphic
features of presented cases, namely deep set eyes, thin
upper lip and micro/retrognathia. 1A: patient 1 at 11
months. 1B: 5 years. 1C: 10 years. 2A: patient 2 at 3
years. 2B: 11 years. 2C: 13 years. 3A: patient 3 at 1 year.
3B: 3 years. 3C: 6 years. 4A: patient 4 at 13 years.

4B and C: at 19 years. 5A: patient 5 at 1 month.

5B: 6 months. 5C: 2 years. 6A: patient 6 at 13 years.

6B and C: 18 years.

deviation to further increase over time to -2 to -5 SD
in the majority of individuals®'>"". Accordingly, micro-
cephaly was present in all but one patient in this report.

Gait disturbances, broad-based or stiffed, has been
reported in a smaller fraction of individuals'’, with about

half of the cases presenting this characteristic, very
similar to what happens in our cohort.

Brain anomalies were described in 3/7 patients
who had an MRI, including ventricular enlargement,
sub-ependymal cysts, hypoxic-ischemic-like anomalies,
corpus callosum agenesis, and cerebellar atrophy. Brain
MRI anomalies are not well established in the literature,
involving from grey matter to cerebral spinal fluid and
ventricle anomalies®>%,

Ocular anomalies were reported in five patients in our
cohort, in line with Méjécase et al., who describe ocular
features in 60.3% of patients with DYRKTA SNVs, pre-
dominantly refractive errors'®. Optic nerve anomalies,
including optic disc pallor, have been reported in 22.9%
of patients'®, and were present in half of our cases.

Several publications refer to a typical gestalt or com-
mon dysmorphisms' 213151820 All patients in this report
had a thin upper lip, and deep-set eyes were described
in all but one (Fig. 1). Other frequent features include
micro/retrognathia and large ears. In adulthood, the
nasal bridge may become high and the alae nasi under-
developed, giving the nose a more prominent appear-
ance?®, as shown in patient 6 (Figs. 1-6 A, B, C).

Hand and feet anomalies were also frequent in our
cohort and in previously reported patients'>'”, namely
long splayed fingers, clinodactyly, mild cutaneous syn-
dactyly of toes, hallux valgus, and short fifth toe.

The majority of variants elicited in our cohort were
truncating, namely frameshift (Table 1), which is in
accordance with previous reports's. Only three mis-
sense variants were previously reported in the litera-
ture®26. No genotype-phenotype correlations could be
consistently drawn. All cases were de novo.

From the above, it is clear that all DYRK71A-related
syndrome ID patients need guidance for educational and
behavioral problems, and should be regularly monitored
for growth parameters and nutritional status, as well as
have lifelong specialist follow up for issues affecting
particular organs and systems®'623, Early motor inter-
vention is also relevant regarding gait disorders and
hypertonia, in order to avoid the use of a mobility device
in the future'. Of note, taking into account the preva-
lence of eye problems, multidisciplinary care must
include a careful ophthalmological evaluation.

All'in all, national and international registries®’, and other
forms of data sharing, are paramount in acquiring new
insights into the pathophysiology and genetic mechanisms
underlying this condition, which will ultimately contribute to
improve patient management. In line with this endeavor, we
hope this clinical review contributes to raise awareness of
DYRK1A-related ID syndrome, namely among Portuguese
doctors, so as to prompt the diagnosis of more patients.
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