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CASE REPORT
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ABSTRACT

We present the findings of a Whole Exome Sequenc-
ing in a 2-year-old boy, conceived via In Vitro Fertilization
with donor sperm, who suffers from an undiagnosed neu-
rological syndrome. The following heterozygous variant
in the EPHA4 gene was identified and classified as likely
pathogenic: ¢.1655 1656, p.(Ser552CysfsTer23). Subse-
quent segregation analysis showed that the variant was
not inherited from the mother and the sperm donor is not
accessible for genetic testing. The presented results can
further expand upon the genetic variants considered when
diagnosing complex neurological syndromes and shows
the importance of access to biological samples from donor
banks in genetically ambiguous cases.
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INTRODUCTION

The clinical presentation of most early-onset neu-
rological disorders is ambiguous due to their heteroge-
neous manifestation and symptom non-specificity (1). In
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recent years, genetic testing has become a useful diag-
nostic tool for identifying genetic mutations associated
with rare neurological disorders. However, even Whole
Exome Sequencing (WES) — a technique which allows
for analysis of all exons in a patient’s genome — often
results in the identification of multiple genetic variants
which may potentially explain a patient’s complex clini-
cal picture. In such cases, segregation analysis becomes
an indispensable method for clarifying the significance
of the variants. The diagnostic process is further compli-
cated if one of the parents is not available for segregation
analysis, which is the case in /n Vitro Fertilization (IVF)
with donor material.

In the following case study, we present a patient with
a complex neurological syndrome with accompanying
facial abnormalities, who was conceived through IVF with
donor sperm. Via analysis of the WES data one hetero-
zygous genetic variant in the EPHA4 gene was selected
as a target.

The Ephrin Receptor A4 (EPHA4) gene, located on
the long arm of human chromosome 2 (2q36.1), is a pro-
tein encoding gene producing a Protein Tyrosine Kinase
(PTK) receptor. Although within the Central Nervous Sys-
tem (CNS) EPHA4 has been implicated in processes such
as neural migration, axonal proliferation, and synaptic
plasticity (2), its pathogenicity in clinical practice is not
well understood. In humans, thus far, only one germline
likely pathogenic missense point mutation has been re-
ported in a male patient with atypical cerebral palsy (3)
and Van Hoecke et al. (4) showed that decreased EPHA4
expression was significantly correlated with later onset
of Amyotrophic Lateral Sclerosis (ALS). Light ef al. (2)
have reported several somatic genetic variants in relation to
melanoma tumors. On the other hand, studies with animal
models, ranging from rodents to primates, have shown that
EphA4 expression plays a role in various severe CNS dis-
orders. Fu et al. (5) showed that blocking EphA4 activity
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in mice had a positive effect on the hippocampal plasticity,
typically ravaged by Alzheimer’s disease. Goldshmit and
Bourne (6) found that astrocytic upregulation of EphA4
in non-human primates has an indirect inhibitory effect on
axonal regrowth and regeneration following a Traumatic
Brain Injury (TBI).

CASE PRESENTATION

A 2-year-old Caucasian male was referred to our labo-
ratory for genetic clarification of a non-specified neuro-
logical syndrome with developmental delay and facial
abnormalities. The case history revealed that the patient
was conceived via IVF with sperm from an unidentified
Caucasian donor. The mother was healthy with no neuro-
logical disorders or genetic abnormalities, and there were
no complications during pregnancy and birth (patient birth
weight and height — 3490g and 50cm, respectively).

Anamnesis revealed that at approximately 4 months
of age the patient’s condition started deteriorating as in-
dicated by delayed psychomotor, cognitive, and visual
development. At around the same time, the patient started
suffering from grand-mal seizures. At approximately 7
months of age, the patient already exhibited severe drug-
resistant epilepsy, significant psychomotor retardation
despite physiotherapy, limb hypertonia, loss of pupillary
light response, and nearly complete loss of visual acuity,
which rendered him effectively blind. He also exhibited
peculiar dysmorphic facial features with hypertelorism,
micrognathia, and unusually low auricles. During the
following 5 months he suffered a number of additional
medical complications including abnormal elevation of
Vitamins B1 and B12, pneumonia, and anemia, some of
these complications led to hospitalization.

Although the patient’s epilepsy and eye abnormalities
have continued to aggravate, multiple neurological and
ophthalmological examinations have revealed no apparent
cause of the patient’s complex medical state. Furthermore,
subsequent metabolic and biochemical blood tests were
negative for lysosomal enzymes, Very Long Chain Fatty
Acids (VLCFA), amino acids and acylcarnitines, and 3-O-
Methyldopa (3-OMD). A dry blood spot test for Neuronal
Ceroid Lipofuscinosis (NCL) was also negative. Initial ge-
netic testing has shown a normal karyotype, no mutations
in a targeted 341 gene retinal degeneration-related panel,
and no mutations in the mitochondrial genome. Following
from the patient’s increasingly worsening condition and
the absence of any effective treatment, he was referred for
WES in hopes of determining his diagnosis.
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METHODS

After a detailed explanation of all procedures, a
written informed consent was obtained from the patient’s
mother, and all described medical procedures and analyses
were conducted in accordance with the Declaration of
Helsinki and the ethical guidelines of Medical University
Sofia. The Ethics Committee of Medical University Sofia
has approved this study.

Ablood sample was taken from the patient and subjected
to DNA extraction by standard salting-out procedure (7).
WES was performed and the patient’s genetic profile was
analyzed via the GenesearchNGS software (Phenosys-
tems). The detected variants were interpreted with respect
to their pathogenicity following the recommendations of
the American College of Medical Genetics and Genomics/
Association for Molecular Pathology (ACMG/AMP) (8).
Direct Sanger sequencing was performed with BigDye®
Terminator cycle sequencing kit v.3.1 (Applied Biosys-
tems, Foster City, CA, USA) for confirmation of the WES
findings and for Segregation analysis in order to determine
the variants’ inheritance. Due to the ethical standards of
IVF with donor sperm, no genetic analyses of the biologi-
cal father were possible.

RESULTS

We identified a heterozygous frameshift variant
c.1655 1656del, p.(Ser552CysfsTer23) in the EPHA4 gene
(NM_004438.5). This variant is classified as likely patho-
genic (categories: PVS1 and PM2) (8). Segregation analysis
showed that the patient’s mother is not a carrier of the genetic
variant. The biological father is not accessible for genetic
testing due to ethical and legislative issues as well as the
anonymous process of sperm donation for IVF procedures.

DISCUSSION

Mutations in the EPHA4 gene are compatible with
optic nerve defects and severe abnormalities in the cen-
tral nerve system. The reasons behind our focus on the
genetic variant ¢.1655 1656del, p.(Ser552CysfsTer23)
in the EPHA4 gene are described below.

MetaDome (9) indicates that the identified EPHA4
genetic variant is located in the beginning of the protein’s
transmembrane domain (IPR027936; Figure 1). This type
of domain is characteristic for ephrin receptors and is re-
sponsible for the oligomerization of these receptors and
for successful signaling (IPR027936) (10). Due to this
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Figure 1. The genetic variant found in our patient and reported
genetic variants presented in relation to the Epha4 protein domains.
Above the protein domains are shown the genetic variant found in
our patient (marked with * ) and the likely pathogenic variant re-
ported in ClinVar (marked with - ), and below the protein domains
- the somatic genetic variants reported by Light et al. (2). Domain
names are the following: LBD — Ligand Binding Domain; FNIII
— Fibronectin type III domain; TD — Transmembrane Domain and
TKD - Tyrosine Kinase Domain. The protein domain structure is
created based on MetaDome (9).

localization, the frameshift variant could affect the pro-
tein’s ability to integrate into the cell membrane and func-
tion as an ephrin receptor in the CNS. To the best of our
knowledge, this is the first identification of a frameshift
genetic variant in the transmembrane domain of the EphA4
protein. The only reported likely pathogenic variant in
ClinVar (3) falls within the kinase region of the protein.

Moreover, the genetic variant is not found in the
gnomAD v2.1.1 controls and EPHA4’s pLI score is 1,
which indicates that the gene is highly intolerant to loss
of function variants (11,12). As the genetic variant does
not abide the 50-55 nt boundary rule (13), we can assume
that the produced mRNA undergoes nonsense-mediated
decay. It has been suggested previously that mutations in
ephrin receptor genes, causative of nonsense-mediated
decay, lead to pathogenesis (14).

Recently, a number of EPHA4-cases emerged in the
GeneMatcher platform (15), helping understand the patho-
physiology of severe neurological cases having EPHA4
gene variants in common. Based on this new understand-
ing, the variation in EPHA4 seems highly compatible
with our patient’s clinical manifestation. Unfortunately,
we cannot confirm that the genetic variant has occurred de
novo, due to the lack of a paternal sample. Furthermore,
Oliver et al. (16) have published a comprehensive list of
epilepsy-related genes, wherein EPHA4 is not included.
With this study we bring attention to the EPHA4 gene as
a potential target for additional functional studies in as-
sociation with neurodevelopmental disorders, including
epilepsy. Moreover, we emphasize on the difficulties in
classifying genetic variants when DNA from donors is
not available for genetic testing.
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