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Abstract: Background and Objectives Neurofibromatosis 1 (NF1 MIM # 162200), also known as von
Recklinghausen disease, is among the most common autosomal dominantly transmitted disorders
characterized mainly by neurocutaneous manifestations such as café au lait spots, intertriginous freckling,
various types of neurofibromas (cutaneous neurofibromas or plexiform tumors), neurological manifestations,
and bone abnormalities. It occurs with an incidence of 1:3000-1:4000 cases. Cone-rod dystrophies belong to the
large group of retinal dystrophies, a highly heterogeneous group of disorders clinically manifested mainly by
damage to cone and rod cells and have a broad spectrum of clinical manifestations. A large number of genes
are involved in their etiology, with more than 100 currently identified, including the CRX gene responsible for
the autosomal dominant form of cone-rod dystrophy (ad CORD). Materials and Methods:
The authors present an intriguing case of a patient diagnosed with Neurofibromatosis type 1 (NF1) as an infant,
along with ocular involvement (myopia and astigmatism onset at age 15), which yielded a surprising molecular
testing result. Results: Molecular DNA analysis identified a rare occurrence of two mutational variants,
including a pathogenic variant in the NF1 gene, c.3871-2A and a likely pathogenic variant in the CRX gene
c.119G>A. Conclusions: The authors present this case to highlight the surprises offered by molecular testing in
a condition where the diagnosis is usually made based on clinical criteria, thus providing patients with
competent genetic advice.

Keywords: neurofibromatosis type 1; cone-rod dystrophy; molecular diagnosis

1. Introduction

Neurofibromatosis Type I (NF1) is one of the neurocutaneous syndromes along with von
Hippel-Lindau syndrome, Sturge-Weber syndrome, and the tuberous sclerosis complex [1,2]. It is
caused by pathogenic variants in the NF1 gene located on chromosome 17q11.2. The consequence of
these mutations is overstimulation of the RAS/MAPK signaling pathway, leading to neurocutaneous
manifestations and bone abnormalities [3]. The hallmark clinical findings include café-au-lait spots
and neurofibromas, which can vary in size, number, and location [4,5]. Along with Gardner
syndrome and Cowden syndrome, it is among the most common neoplastic hamartoma syndromes
[6]. Penetrance is nearly 100%, and the expression of the disorder differs from one affected family to
another and between individuals of the same family. NF1 is a disorder diagnosed in the vast majority
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of cases clinically, taking into account the clinical criteria proposed by the National Institutes of
Health (NIH) in 1988 [7]. As the signs of the disorder appear gradually in evolution and are age-
dependent, it is necessary to monitor these patients for several years before a clear diagnosis can be
established. By the age of 8 years, approximately 97% of patients are diagnosed based on clinical
criteria [8,9]. Genetic testing is an important criterion for confirming the diagnosis of the disorder and
has been introduced in the new revised diagnostic criteria in 2021 (Table 1).

Table 1. Diagnostic Criteria for Neurofibromatosis Type 1 [10,11].

Neurofibromatosis type 1

A: The diagnostic criteria for NF1 are met in an individual who does not have a parent diagnosed

with NF1 if two or more of the following are present:

2 or more of the criteria
> 6 café-au-lait spots (> 5 mm before puberty, > 15 mm after puberty)
Freckling in the axillary or inguinal region
Two or more neurofibromas of any type or one plexiform neurofibroma
> 2 Lisch nodules identified by slit lamp examination or two or more choroidal abnormalities
(CAs)—defined as bright, patchy nodules imaged by optical coherence tomography (OCT) or
near-infrared reflectance (NIR) imaging
optic pathway glioma
typical bony changes (dysplasia of sphenoid bone, thinning of cortex in long bones (with or

without pseudarthrosis)

A heterozygous pathogenic NF1 variant with a variant allele fraction of 50% in apparently normal
tissue, such as white blood cells.
B: A child of a parent who meets the diagnostic criteria specified in A merit a diagnosis of NF1 if
one or more of the criteria in A are present.

Cone-rod dystrophy (CORD) is one of a large group of retinal dystrophies that have a broad
spectrum of largely overlapping clinical manifestations; this makes diagnosis and therefore
therapeutic approaches difficult [12]. Retinal dystrophies have a prevalence of 1:40,000 newborns.
They are characterized by an initial loss of central visual acuity and color vision, followed by a loss
of peripheral vision. Although the onset of the disorder may occur in the first 10 years of life (usually
during school years) with a decrease in visual acuity that does not improve after optical correction
with glasses, most cases are diagnosed in adulthood [13]. This is due to the loss of function of the
cone cells responsible for day vision. Subsequently, the rod cells responsible for night vision are also
affected. Photophobia and dyschromatopsia may also be associated. More than 90 genes associated
with the condition have now been identified. The modes of transmission are different and complex:
autosomal dominant, autosomal recessive, or X-linked dominant. In autosomal dominant (adCORD)
forms, more than 10 genes are identified, one of the most common being the Cone-Rod Homeobox
gene (CRX, OMIM #602225). The encoded protein is a photoreceptor-specific transcription factor with
a major role in photoreceptor differentiation and development [14]. Mutations in this gene cause
different phenotypes, such as macular dystrophy, cone-rod dystrophy, and Leber's congenital
amaurosis [15]. Currently, over 50 mutational variants of CRX genes are reported in the literature
[16]. The article aims to present a coincidental association of two mutational variants in two different
genes in a patient initially diagnosed with NF1. Although NF1 is in the vast majority of cases clinically
diagnosed, molecular diagnosis can sometimes offer surprises, as in the case of our patient, who was
identified with a likely pathogenic mutational variant in the CRX gene. Thus, we submit that a
thorough clinical diagnosis combined with a molecular diagnosis provides an accurate diagnosis by
identifying associated pathologies that would not otherwise have been suspected in the patient. A
correct diagnosis is essential for competent, accurate genetic counseling and family screening.
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2. Materials and Methods

2.1. Case Report

The authors present the case of a 19-year-old patient who was registered with the Bihor Regional
Center for Medical Genetics and was referred by her family doctor during her infancy for genetic
counseling.

2.2. Laboratory Investigations

The main lab tests performed involved carbohydrate, lipid (cholesterol, lipids, and
triglycerides), protein (proteinemia, serum protein electrophoresis)) mineral (calcemia,
phosphatemia, and magnesemia) metabolisms, hormonal evaluation, and alpha-fetoprotein.

2.3. Imagistic investigations

They targeted an MRI of the brain, and ocular computer tomography (OCT).

2.4. Molecular investigations

Written informed consent was obtained from the mother before participation in the study. A
next-generation sequencing technique was applied using the Illumina MiSeq platform, which allows
the analysis of coding sequences in genomic DNA. The Illumina TruSight One Sequencing Panel kit
is a large panel with 4813 genes included. In the first step, genomic DNA fragmentation was
performed, followed by coding sequence amplification and library generation using the Illumina
TruSight One Sequencing Panel kit at the Regional Genomic Centre Timisoara, Romania. End-to-end
bioinformatics algorithms, including nitrogen base alignment, primary filtering of low-quality reads
and likely artifacts, and variant annotation, were implemented using Isis (Analysis Software) 2.5.2.3;
BWA (Aligner) 0.7.9a-isis-1.0.1, SAMtools 0.1.18 (r982:295); GATK (v1.6-23-gf0210b3)1.7. Data
analysis was performed at the level of current knowledge using the following databases: UCSC
Genome Browser, OMIM (Online Mendelian Inheritance in Man), and DGV (Database of Genomic
Variants). All disease-causing variants reported in HGMD®, ClinVar (class 1), and all variants with
a minor allele frequency (MAF) less than 1% in the ExAc database were considered. The evaluation
was focused on exons. All inheritance patterns were considered, taking into account family history
and clinical information. Only variants correlated with the phenotype for which the patient was
referred were reported. Variants were interpreted according to the ACMG guidelines (1). The
classification of Mendelian variants according to ACMG is Pathogenic, / Likely pathogenic, / Variant
of uncertain significance (VUS), / Likely benign, / Benign.

3. Results

3.1. Personal data

The patient is the second child in the family. Family history: young parents, no consanguineous
relationship. The paternal grandfather, the father, and the brother of the father have numerous café
au lait spots and skin neurofibromas. Past medical history: since birth, she has had six café au lait
spots on her chest and abdomen, ranging in size from 7/4 cm to 2/1.5 cm, suggestive of
neurofibromatosis. In evolution, the number of café au lait spots increased, also present on the neck,
upper and lower limbs, and buttocks. At the age of 11 years, axillary freckles and posterior thoracic
neurofibromas were reported. Since the age of 15, she has been registered with the ophthalmology
service for myopia and astigmatism and later Lisch nodules. At the age of 16, she had a uni-grand
mal seizure lasting about 30 seconds.

3.2. Clinical evaluation of the patient

Phenotypical traits at the age of 17: normal stature (166 cm) and weight (66 kg). The patient
presents with multiple café au lait spots (more than 10) disseminated over the anterior and posterior
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thorax, neck, abdomen, upper and lower limbs, thoracic neurofibromas, and axillary freckles (Figures
1-3).

()

Figure 1. (a) cutaneous neurofibroma; (b) posterior thoracal café au lait spots.

Figure 2. axillary freckles.

C) (b)

Figure 3. (a) and (b): café au lait spots on the lower limbs.

3.3. Laboratory investigations

Biochemical, hematological, hormonal (thyroid hormones) tests were within normal limits, and
alpha-fetoprotein, an important tumoral factor, was also normal.

3.4. Interdisciplinary consultations and imagistic investigations

Ophthalmological examination revealed the presence of myopia and astigmatism. The visual
acuity at the right eye was 0.8 with correction, and 1 with correction at the left eye. At the anterior
pole, Lisch nodules are visualized (Figure 4) in both eyes. Fundus examination of the eye revealed
well-contained optic nerve papillae and normal macular reflex. Optical coherence tomography (OCT
Nidek DuoScan 3300) revealed a normal macular profile. The field of vision is within normal limits
in both eyes.
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Figure 4. Lisch nodules: a) right eye; b) left eye.

Brain MRI highlights several oval lesions in the hypersignal T2, FLAIR, and isosemnal T1, in the
anterior region of the right mesencephalon (measuring approximately 5-7 mm), in the bilateral
thalamus (measuring approximately 9 mm on the right and 7 mm on the left) and in the right capsulo-
lenticular region (measuring approximately 5 mm, with the appearance of glioma). All lesions are
relatively well delimited, without perilesional edema. The corpus callosum appears slightly
hypertrophic but without changes in its signal. Electroencephalography (EEG) did not reveal
pathological graphoelements.

3.5. Molecular investigations

Using panel sequencing analysis two mutational variants have been detected: the first one with
pathogenic significance in the NF1 gene, and the second in the CRX gene, with likely pathogenic
significance.

Regarding the first mutation, a splice site null variant in heterozygous status ¢.3871-2A>T was
found in the NF1 gene, with an 89X coverage in the gene's area. Due to splice site localization is a
loss of function variant. This variant is not present in populational databases (without EXAC and
GnomAD frequency) thus suggesting that it is not a benign variation in the general population, and
is not currently identified in people with NF1. In silico models predicting the effect of DNA
modification on the protein estimate a pathogenic effect (6 pathogen predictions from
BayesDel_addAF, DANN, EIGEN, FATHMM-MKL, MutationTaster and scSNV-Splicing versus 0
benign prediction). For these reasons, this variant has been classified with pathogenic significance
according to the ACMG guide(1).

The second mutation variant, that of the CRX genes is a null missense variant in heterozygous
status c.119G>A, with a 224X coverage in the variant region. It is not present in population databases
(without frequency EXAC and GnomAD) indicating that it is not a benign variation in the population.
In silico models predicting the effect of DNA modification on the protein estimate a pathogenic effect
(12 pathogen predictions from BayesDel_addAF, DANN, DEOGEN2, EIGEN, FATHMM-MKL, LIST-
52, M-CAP, MVP, MutationAssessor, mutationTaster, PrimateAl, and SIFT versus 0 benign predicts.
Thus, for the reasons described above, this variant has been classified with likely pathogenic
significance according to the ACMG guide(1) and must be correlated with the patient's phenotype.

4. Discussion
4.1. NF1 and CRX genes

4.1.1. NF1 gene

The NF1 gene is located on the long arm of chromosome 17 (17q11.2). It is a large gene of about
350 kb in length and contains 55 constitutive exons and 5 alternatively spliced exons [Kehrer] [17].
NF1 genes encode neurofibromin, a large protein that consists of six functional domains with a role
in regulating intracellular signaling pathways.
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Neurofibromin is a regulator of the RAS/MAPK signaling pathway. If it loses its function, out-
of-control RAS activity occurs, leading to uncontrolled cell division and the triggering of
tumorigenesis by disrupting the cell cycle [19].

The Human Gene Mutation Database (HGMD; http://www.hgmd.org/) lists more than 3,600
pathogenic NF1 variants that are found throughout the length of the gene at both the exon and intron
levels, affecting the splice region. http://www.hgmd.org/) [20]. These include microdeletions that
may cover the entire NF1 gene; CNVs (copy number variants); frameshift, nonsense, and missense;
and splice-site [21]. The prevalence of pathogenic variants in the NF1 gene is over 0.5% (31 different
pathogenic variants), but the percentage of extremely rare or privately encountered variants is over
46% [22,23]. On the other hand, 90% of mutations occur in the intragenic region, with less than 10%
being deletions that span the entire gene or are located in lacking genomic regions [24].

4.1.2. CRX Gene

The CRX gene is located on chromosome 19 (19q13.33); it belongs to the homeobox gene family
and plays a major role in the development of the brain, cerebellum, eyes, and pineal gland [25]. CRX
encodes a cone-rod homeobox protein transcription factor that is a critical K50 homeodomain
transcription factor with an important role in the differentiation and proper function of
photoreceptors [26]. This protein contains 299 amino acids [27].

The CRX gene is a small 25-kb stretch gene containing four exons [28]. Mutant alleles in the
human gene encoding CRX result in a variety of distinct blinding retinopathies. Commonly
encountered pathogenic variants are missense and in-frame deletions. More than 45 mutations with
retinal damage are currently reported in the literature [12,29]. Most CRX mutations cause the
autosomal dominant form of CORD, accounting for 5-10% of all dominant forms of CORD [26,30,31].
Mutations in CRX genes cause a wide range of retinopathies, including retinitis pigmentosa, cone-
rod dystrophy, and the dominant form of Leber congenital amaurosis, a disorder that is usually
autosomal recessive [32,33].

5. Neurofibromatosis

5.1. Clinical aspects

Neurofibromatosis is a multisystem disorder with neurocutaneous involvement. It is
characterized by skin changes such as café au lait spots, intertriginous freckles, and the appearance
of various neurofibromas in both the central nervous system and the peripheral nervous system
There are several known types of neurofibromatosis: neurofibromatosis type 1, the most common
type, present in 90% of cases; neurofibromatosis type 2 or NF2-related schwannomatosis (NF2, MIM
#101000), found in 3% of patients; SMARCB1-related schwannomatosis (MIM #162091), and LZTR1-
related schwannomatosis (MIM #615670), which occurs much less frequently, less than 1% [34]. Along
with Noonan, Costello, Legius, and Cardiofaciocutaneous syndromes, it is part of a large group of
RASopathies and is the first condition identified as belonging to this signaling pathway. [10,35].
Neurofibromatosis type 1 occurs as a result of pathogenic variant in the NF1 gene and is autosomal
dominant inherited. In 50% of patients, the disorder occurs spontaneously due to de novo mutations.
Penetrance is almost 100%. It is a progressive disorder, with the life expectancy of these patients
decreasing by 15% compared to the general population [36]. Our patient meets the criteria for NF1
by presenting multiple café au lait spots, axillary freckles, cutaneous neurofibromas, and cortical
gliomas. The molecular diagnosis has detected a pathogenic variant in the NF1 gene.

5.2. Cutaneous manifestations in NF1

5.2.1. Café au lait spots and frecklings.

The first sign that draws attention to the disorder is the presence of café au lait spots since birth.
They multiply gradually, become evident in early childhood, and grow in proportion to the body.
Another major sign of NF1 is the presence of axillar or inguinal frecklings. There are small cutaneous
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tumors, usually measuring between 2 and 4 mm, in small groups. Compared with café au lait spots,
the frecklings develop later in evolution, usually by the age of 3-5 years. These skin changes are seen
in about 70% of the affected individuals [4].

5.2.2. Neurofibromas.

Neurofibromas are tumors of the peripheral nerves that cause small, soft papules in the color of
the skin or as small subcutaneous nodules [37]. They can be classified into cutaneous neurofibromas
and plexiform neurofibromas. Cutaneous neurofibromas appear as soft papules between 1 and 2 cm
in size; they usually appear at puberty and then increase in number and size until about 20 years of
age. Unlike cutaneous neurofibromas, plexiform tumors pathognomonic for NF1 occur from birth, in
about 30% of patients, and have an increased risk of malignant transformation (malignant peripheral
nerve sheath tumor, MPNST). For early identification of malignant transformation, positron emission
tomography with fluorine-18-fluorodeoxyglucose (PET) or computed tomography (CT) is essential.
Nuclear magnetic resonance imaging (MRI) is recommended for the identification of optic gliomas
and other ophthalmological and neurological implications [39].

Our patient presents with multiple cafe au lait spots disseminated on the neck, anterior and
posterior thorax, abdomen, buttocks, and lower limbs. Axillary freckles were observed at the age of
11 years, and the first cutaneous neurofibromas appeared.

5.3. Ocular manifestations in NF1

NF1 presents a challenge to ophthalmologists in terms of early diagnosis, clinical picture, and
treatment. The most representative brain tumor present in patients with NF1 is known to be low-
grade optical glioma, 15% of patients with NF1 can develop this type of tumor during early
childhood. [41]. In the last few years, considerable advances in multimodality imaging in
ophthalmology have led to the description of new ocular manifestations in NF1, including choroidal
abnormalities (CA), hyperpigmented spots, and retinal vascular abnormalities—The diagnostic
criteria for NF1 have recently been revised to include the presence of two or more CAs as an
alternative to the presence of Lisch nodules. Choroidal abnormalities are more common in adults (80—
90%). In children, they occur at a much lower rate (60-78.6%), but compared to Lisch nodules, they
are much more common [17,40,42]. The case presented by the authors shows ocular refractive
disorders: myopia and astigmatism, respectively Lisch nodules.

5.4. Cerebral manifestations in NF1

Cerebral gliomas are common and usually asymptomatic, with most of them being accidentally
detected on an MRI [1]. Their incidence is between 2 and 5% and can occur at any age. The average
age at diagnosis of these brain tumors is 13 years. Young adults with NF1 have a 10- to 50-fold
increased risk of developing these deadly cancers [43]. The case presented by the authors has brain
gliomas identified by brain MRI at the age of 15. The patient presented with a grand mal seizure
episode at the age of 16 years. It is possible that the epilepsy was caused by the lesion of the corpus
callosum, its hypertrophy may be due to small lesions that are still not visible on a brain MRI.
Electroencephalography did not reveal pathological graphoelements.

5.5. Genotype-phenotype correlation in NF1

There is currently no clear genotype-phenotype correlation although specialized studies
through the described mutational variants attempt to establish a clear genotype-phenotype
relationship. In a retrospective study that included 38 patients with NF1, Well et al. demonstrated
that large deletions encompassing the entire gene are associated with a much more severe clinical
phenotype, a more severe tumor burden, and an accelerated tumor growth rate compared to patients
who had atypical deletions. The authors recommend close monitoring of these patients to assess
tumor progression and the risk of malignant transformation and, if appropriate, recommend drug
treatment with MEK inhibitors [44]. Peduto et al. also demonstrated that large gene deletions
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correlate with a severe phenotype and that not all mutational variants have the same effects.
Genotype-phenotype associations are on an upward curve at present, changing at a slower but
profound pace the clinical and genetic approach to NF patients [3,24]. The splice site pathogenic
variant identified in our patient has not been described in populational databases, so we cannot make
an exact genotype-phenotype correlation.

5.6. Treatment

5.6.1.

Surgical treatment is the main treatment option for neurofibromas, but the risk of tumor
recurrence postoperatively is extremely high [34]. It is still considered the only curative treatment for
patients with NF1. Surgical intervention takes into account the size of the NP, its location, growth
rate, and radiological features, as well as the general health and well-being of the patient [45].

5.6.2. Drug Therapy

Targeted therapy can have a major impact on the course of the disorder. As such, Ras pathway
inhibitors are therapeutic agents used in the treatment of inoperable plexiform tumors in children. In
2020 the US Food and Drug Administration approved the first monoclonal antibody, Selumetinib, an
inhibitor of MEK1/2. This treatment represents a turning point in the treatment of inoperable
plexiform tumors in children older than 2 years [46]. Another therapeutic agent is Rapamycin, an
inhibitor of the mTOR pathway that plays a role in activating AKT, thus being another potential drug
used in the treatment of plexiform tumors.

6. Cone rod dystrophies

6.1. Inheritance

The majority of current research regarding con/con-tying dystrophies focuses on elucidating the
remaining causative genes and their molecular mechanisms, understanding the natural history of the
disorder, and setting optimal clinical trial targets. More than 30 CORD-associated genes are currently
reported in the RetNet database (http://www.sph.uth.tmc.edu/retnet/) [15]. They are monogenic
disorder with autosomal dominant (adCORD), autosomal recessive (arCORD), or X-linked (xICORD)
inheritance. Related to adCORD, mutations occurring in 10 genes are described: AIPL1 [47], CRX [26],
GUCA1A [48], GUCY2D [49], PITPNM3 [50], PROM1 [51], PRPH?2 [52], RIMS1 [53], SEMA4A [54],
and UNC119 [55]. For arCORD a number of 13 genes are identified BCA4, ADAMY9, C8ORF37,
CACNA2D4, CDHR1, CERKL, CNGB3, CNNM4, KCNV2, PDE6C, RAX2, RDH5, RPGRIP1. It should
be noted that there are other loci and chromosomal regions mapped for arCORD: NF1, 18q21.1-q21.3,
1q12-g24, and 10q26. For the X-linked form, the mutations occur in the alternative terminal exon 15
(ORF15) of the RPGR gene located on the short arm of the X chromosome Xp21.1 [56].

6.2. Clinical aspects

The main characteristic of CORD is retinal pigmentation by pigment deposition, especially in
the macular area. While in retinitis pigmentosa (also called cone-rod dystrophy, RCD), rod cell
receptors are lost first, in CORD, cone cell photoreceptors loss occurs first. This leads to a gradual
decrease in visual acuity, disruption of color vision, and decreased sensitivity in the central visual
field; later, there is a loss of peripheral vision and night blindness. Hammel et al. state that onset
usually occurs in childhood, during the school years, although the diagnosis is usually established in
adulthood [13]. In a study including 730 Japanese families with hereditary retinal disorder, Fujinami-
Yokokawa et al. identified 18 patients from 13 different families with retinal damage due to mutations
in the CRX gene; in these patients, the mean age of onset was 45 years (range 15-77); in one patient,
the onset of the disorder was at 15 years; late-onset was reported in one patient aged 45 years [57]. In
the case presented by the authors, the patient has a likely pathogenic mutational variant that is
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currently not correlated with her phenotype; at this age, the patient has no suggestive
symptomatology for cone-rod dystrophy. The patient has been under ophthalmological care since
the age of 15 for myopia and astigmatism, with no clinical signs of cone-rod dystrophy. However,
considering the potential late onset of the disease, proper ophthalmological monitoring is crucial.

6.3. Diagnosis of cone-rod dystrophy

It is done based on ophthalmological consultation: fundus examination, OCT, and
electroretinogram. The electroretinogram (ffERG) subdivides patients into 3 categories: patients with
normal ffERG (MD), patients where cone cells are affected (CD), and patients who have both cone
and rod cells affected (CORD) [58]. The case presented by the authors falls into the category of normal
ffERG (MD).

6.4. Treatment

There is currently no curative therapeutic method to stop the progression of the disorder or
restore lost vision. Identification of pathogenic variants in CRX genes is an extremely important step
in the management of these patients, facilitating correct genetic counseling, providing prognostic
data, and participating in clinical trials [59]. Treatment aims to slow the progression of the disorder,
treat complications, and counsel patients to cope with the news of blindness [13]. Currently, the
patient is undergoing ophthalmic correction for myopia and astigmatism, with no signs of cone-rod
dystrophy. Given the likely pathogenic nature of the identified variant, close ophthalmological
monitoring is essential for early detection if symptoms arise.

6.5. Genotype-phenotype correlation in CORD

Genotype-phenotype correlations are complex: different mutations in the same gene can cause
extremely complex and different phenotypes, and on the other hand, mutations in different genes
cause relatively identical or similar phenotypes. Also, the symptoms in people with CORD with MD
and people with retinitis pigmentosa (RP) sometimes overlap; as the disorder progresses, MD
patients may switch to CORD [57,60,61]. The mutational variant identified in our patient is
exceptionally rare and was described in a study by Carss et al, indicating its association with
hereditary retinal disorders. Our case underscores the importance of molecular testing, which can
reveal unexpected associations between genetic variants in different genes, such as NF1 and CRX,
highlighting the necessity of individualized medical management and genetic counseling [62]. In
2022 Oh et al. identified the same missense type variant in heterozygous status c¢.119G>A, in two
patients with pigmented paravenous retinochoroidal atrophy without associated NF1. This missense
variant, identified in both our case and the cases presented by Oh, has previously been reported as
pathogenic but with an unknown specific phenotype. Given that the allele occurs with extremely rare
frequency in the general population, this demonstrates that this is not a common variant, and in silico
tools predict the variant to be likely pathogenic [63]. The case described by us presents only myopia
with astigmatism; the case presented by Oh et al. associates pigmented paravenous retinochoroidal
atrophy, thus not being able to make an obvious genotype-phenotype correlation.

7. The association of NF1 with cone-rod dystrophy

It is extremely rarely reported in the literature. In 1993, Kylstra J. et al. reported the first case
associating the two pathologies. In 2012, Zobor et al. described a case of NF1 associated with cone-
rod dystrophy, but in an autosomal recessive form with a mutation in the CNNM4 gene and
amelogenesis imperfecta [64,65]. The case presented by the authors represents a novel finding, being
the first reported instance of the co-occurrence of a pathogenic NF1 variant and a likely pathogenic
CRX variant. While the patient currently lacks symptoms of cone-rod dystrophy, the potential for its
later onset cannot be ruled out. This underscores the complexity of genetic interactions and the
necessity of comprehensive medical surveillance in such cases.
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8. Conclusions

The diagnosis and management of neurofibromatosis often involve clinical evaluation by a
complex medical team. Although the clinical diagnosis is very important and essential, it is important
to look for other signs that are not consistent with the initial diagnosis. Molecular testing can unveil
surprising associations, as evidenced in our case, which presents a rare combination of mutations in
the NF1 and CRX genes. While the patient currently shows no symptoms of cone-rod dystrophy,
ongoing ophthalmological monitoring is imperative for early detection. This case underscores the
importance of personalized medicine, guided by genotypic features, in managing patients with
complex genetic conditions like NF1 and cone-rod dystrophy.
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