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Abstract

The feline leukemia virus subgroup C receptor (FLVCRI) gene plays
a role in heme, choline, and ethanolamine transport. In biallelic
pathogenic FLVCR] variants, macrocytic anemia may be associated with
childhood- or adult-onset neurodegeneration of the retina, spinal cord,
and peripheral nervous system. In patients with FLVCR]I variants, optic
atrophy and retinitis pigmentosa are previously described ocular findings,
but neurotrophic keratopathy has not been reported. In this study, we
describe two patients with homozygous novel likely pathogenic variants
in terms of their clinical findings, including neurotrophic keratopathy. On
examination, the 2-year-old sister had bilateral central corneal clouding,
leukoma, absent corneal reflexes, normal fundus findings, and protruding
ears. The 5-year-old sister exhibited significant bilateral corneal leukoma
and scarring, optic disc pallor, absent corneal reflexes, and autoamputation-
like defects on the fingertips of both hands. Next-generation sequencing
analysis of the S-year-old patient revealed a homozygous likely pathogenic
¢.160dup p.Arg54ProfsTer36 variant of the FLVCRI gene that was not
listed in the GnomAD, ESP6500, ExAC, or Clinvar databases. FLVCR1
mutations can disrupt choline transport and therefore acetylcholine
production. Acetylcholine increases cGMP in the cornea, promoting
epithelial growth. A lack of this neurotransmitter in the cornea leads to
epithelial destruction. The development of neurotrophic keratopathy in
this patient and her sibling may be a new phenotypic feature of this novel
variant.
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Introduction

The feline leukemia virus subgroup C receptor (FLVCR)
gene plays a role in the transport of heme, choline, and
ethanolamine. Biallelic pathogenic FLVCRI variants have been
associated with NEDMISH (neurodevelopmental disorder with
microcephaly, absent speech, and hypotonia) syndrome, which is
characterized by macrocytic anemia, childhood- or adult-onset
neurodegeneration of the retina, spinal cord, and peripheral
nervous system, as well as a milder phenotype called retinopathy-
sensory neuropathy syndrome.! Ocular pathologies such as
optic atrophy or retinitis pigmentosa have been reported in
both syndromes.”? In this study, we describe clinical findings
including neurotrophic keratopathy in two homozygous carriers
of a novel, likely pathogenic variant.

Case Reports

Two sisters, 2 and 5 years of age, presented to the
ophthalmology outpatient clinic with complaints of whiteness
in the eyes. The patients’ parents were cousins. Despite an
unremarkable prenatal history, both patients were being followed
for global developmental delay and had reportedly never achieved
the key milestones of sitting, walking, or speaking. They
exhibited marked hypotonia and the parents reported multiple
hospitalizations due to frequent infection. As the patients had no
pain perception, they had widespread skin ulcers and scars on the
tongue and fingers.

On physical and ophthalmologic examination, the 2-yeat-
old girl exhibited leukoma in both corneas and protruding
ears (Figure 1). There was no epithelial involvement in corneal
fluorescein staining, the fundus was normal (Figure 2), and
corneal reflex could not be elicited. The 5-year-old girl had
significant leukoma and scarring in both corneas (Figure
3), corneal fluorescein staining revealed unilateral epithelial
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involvement, bilateral optic disc pallor (Figure 4), and corneal
reflex could not be elicited. Partial auto-amputation of the finger
tips was observed in both hands (Figure 5). The demographic
and clinical characteristics of the cases are summarized in Table
1. The 5-year-old girl died 8 months later. The family history
included two other girls with similar clinical complaints who
had died previously.

Next-generation sequencing analysis in the 5-year-old
patient revealed a homozygous likely pathogenic FLVCRI
variant (c.160dup p.Arg54ProfsTer36) that was not reported
in the databases. For molecular analysis, 2 mL of peripheral
blood was collected in EDTA tubes and stored at -20 °C.
Genomic DNA was isolated from peripheral blood leukocytes
using the QIAamp DNA Blood Mini QIAcube Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s protocols. All
coding exons and exon-intron boundaries of 4,493 genes were
amplified using the Clinical Exome Solution v2 kit (SOPHiA
Genetics, Boston USA). The prepared library was sequenced on
the Illumina NextSeq platform (Illumina Inc., San Diego, CA,
USA). Together with clinical findings, the data were analyzed
using Sophia DDM data analysis software (Sophia Genetics,
Boston USA) (Figure 6).

Discussion

FLVCR1 gene variants exhibit a broad and pleiotropic
phenotypic spectrum, ranging from adult neurodegeneration to

Figure 1. The 2-year-old female patient, corneal leukoma and protruding ears
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severe developmental disorders with variable anemia and skeletal
malformations. Different phenotypes of this rarely reported gene
defect have been recognized over time, and the genetic tests
performed vary according to the phenotype.

FLVCRI gene mutations can disrupt transport of choline,
which plays an important role in methyl group metabolism

Figure 2. The 2-year-old female patient, normal fundus appearance

Figure 3. The 5-year-old female patient, significant leukoma and corneal scar
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and the synthesis of phosphatidylcholine and acetylcholine
via the Kennedy pathway. Choline is essential for normal
neurodevelopment.® Maternal choline deficiency has been
reported to impair hippocampal development and neuronal and
retinal progenitor cell proliferation and differentiation in mouse
embryos.”® Ethanolamine cannot be synthesized by humans

and is a precursor to phosphatidylethanolamine synthesis
via the Kennedy pathway’” Phosphatidylethanolamine and

Figure 4. The 5-year-old female patient, defects in the fingertips

Figure 5. Five-year-old female patient, bilateral optic atrophy

phosphatidylcholine are membrane phospholipids required for
membrane integrity, cell division, and mitochondrial respiratory
function. These molecules are vital and their deficiency results
in early death.

Damage to the dense corneal nerve endings from the
long posterior ciliary nerves play a fundamental role in the
pathophysiology of keratopathy. Studies have shown that these
sensory neurons directly affect the integrity of the corneal

Table 1. Demographic and clinical characteristics
Patient 1 Patient 2

Age (years) 2 5

Sex Female Female

Oomeal Bilateral leukoma Bilateral leukoma, left scar

findings

Fluorescein

staining None Left +

Corneal reflex | Absent Absent

Fundus Normal Bilateral optic disc pallor

Additional . . .

findings Protruding ears Autoamputation of digits
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Figure 6. Integrated genomic imager variant visualization
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epithelium. In the presence of neuronal destruction, the epithelial
cells swell, lose their microvilli, and produce abnormal basal
laminae. This can slow or stop mitosis, leading to epithelial
defects.® Although Cochet-Bonnet esthesiometer and in vivo
confocal microscopy can be used for the objective assessment of
corneal neuropathy, these could not be performed in our cases
because they were not available in our clinic and the patients
were not cooperative. However, these tests are recommended in
similar cases.

Disrupted choline transport due to FLVCRI mutation
results in inability to produce acetylcholine. The presence of this
neurotransmitter in the cornea increases cGMP and promotes
epithelial growth, whereas its deficiency leads to epithelial
destruction, resulting in keratopathy. Microtrauma, infection,
nerve damage, and various other factors inhibit cell mitosis,
leading to recurrent epithelial erosion and ulceration. Loss of the
corneal epithelial barrier leads to the development of stromal
edema in areas of epithelial erosion.®

Our patient was found to carry a homozygous
p-Arg54ProfsTer36 variant, which was not previously reported
in the GnomAD, ESP6500, ExAC and Clinvar databases. These
cases are distinguished from retinopathy-sensory neuropathy
by the absence of retinitis pigmentosa and ataxia. Considering
that FLVCR-associated phenotypes arise from loss-of-function
mutations, the frameshift nature of the novel variant identified
in our patient evaluated in the context of the clinical findings
support its classification as likely pathogenic. The development
of neurotrophic keratopathy in this patient and her sibling may
be a new phenotypic feature of this novel variant.

Genetic testing to identify specific causative pathogenic
variants is important to confirm the diagnosis and provide
appropriate genetic counseling to affected families. Identifying
specific genetic defects allows for predictive testing of at-risk
relatives and enables informed decisions about surveillance and
preventive measures.
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