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Abstract

Neurofibromatosis type 1 (NF1) is an autosomal dominantly inherited disease affecting multiple organ systems
and showing many different clinical symptoms. The severity of the disease varies from person to person and
progresses gradually over the years. In this study, 17 NF1 patients who had a definite diagnosis were evaluated in
terms of genetic, ophthalmological, and nervous system investigations. Approximately 5000 patients who visited
medical genetics clinic between 2012 and 2022 are recorded in our archive. In 17 of these patients, a definitive
genetic diagnosis was made. In the course of the study, the researchers collected some clinical parameters such
as antenatal, intrapartum, and postpartum history and family history. In the family history, the researchers did a
detailed pedigree with at least 3 generations of analysis, questioned parental kinship, looked for similar members
in families, and identified inheritance patterns of the disorder. Peripheral venous blood samples were taken from
the patients and sent to a commercial laboratory for gene panels or WES while the karyotyping was carried out
in our laboratory. After obtaining the definitive genetic diagnosis of all patients, we compiled a table with the
other parameters we questioned. This study presented the genotype and phenotype findings of NF1 patients.
Ophthalmological symptoms in patients were also examined. These new-generation genetic disease diagnosis
methods can be routinely used in clinical practice by medical geneticists. The diagnosis of a disease is one step
ahead of its treatment. Because if the necessary diagnosis is not made, treatment of the disease is not possible. While
this situation was more difficult in the past, nowadays, with the developing technology, diseases can be diagnosed
more easily. In NF1 disease, more information can be obtained as a result of genetics, imaging, and examinations
of other branches.
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Introduction

Neurofibromatosis type 1 (NF1) is an
autosomal dominant disease that affects
multiple organ systems and has many variable
clinical presentations. NF1 is characterised by
neurofibromas. These are nerve sheath tumors
that form in close association with spinal,
peripheral, or cranial nerves. Other features
include pigment changes, low-grade glioma,
skeletal dysplasia, and involvement of many
other organ systems. Although the specific
manifestations, rate of progression, and severity
of complications vary widely, the disease is
progressive over a lifetime. Currently, there is
no definitive treatment. Clinical management
is typically limited to surveillance and
symptomatic treatment, usually surgical, for
specific complications [1].

The gene that causes NF1 was identified in 1990,
and its function and role in tumourigenesis
and other features of NF1 are being studied
intensively. As our understanding of the
mechanisms underlying the pathogenesis of the
clinical features of NF1 has improved, a number
of targeted therapies have emerged. These are
now being evaluated in preclinical models and
phase II clinical trials. For people with NF1,
the emergence of new treatments aimed at
improving their quality of life (QOL) is a time of
great hope [2]. The aim of this study is to evaluate
these patients with a definitive genetic diagnosis
and to publish the results in the literature.

Neurofibromatosis Type 1 and Genetics
Diagnosis

NF1 is caused by changes in the NF1 gene, which
is located on chromosome 17411.2. Many lines of
evidence suggest that NF1 is a tumor suppressor
gene. Inactivation of both NF1 alleles would
reduce control of cell proliferation and lead to
tumorigenesis. The function of the NF1 gene
product, neurofibromin, is to stimulate RAS
protein GTPase activity and act as a negative
regulator of the cellular Ras/MAPK (mitogen-
activated protein kinases) pathway [3]. So far,
more than 1.000 pathogenic allelic variants
have been identified in the NF1 gene. Most
NF1 mutations are single-base substitutions,
insertions, or deletions. Other mutations are
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single- or multi-exon deletions or duplications
and microdeletions encompassing NF1 and its
neighboring genes [4].

The development of next-generation sequencing
(NGS)
identification of mutations and high-risk aleads

technologies, which allow rapid
that cause the disease, has recently entered NF1
diagnostics. Clinical diagnosis and molecular
relations should be better understood. Therefore,
a comprehensive genetic characterization of this
disorder in a clinical environment will help to
better understand the process [5].

Neurofibromatosis Type 1 and Oftalmological
Clinical Features

It is the most common phakomatosis with
autosomal dominant genetic inheritance. Sharply
circumscribed, dome-shaped pigmented Lisch
nodules, which are melanocytic hamartomas
in the iris stroma, are the most common ocular
involvement in NF1 [6]. Iris nevi, which can be
confused with Lisch nodules, are observed as flat
or slightly elliptical, densely pigmented lesions
with blurred borders [7]. Lisch nodules are more
common in the lower half of the iris than in the
upper half due to increased exposure to sunlight
and increased pigmentation [8]. In a study
examining the distribution of Lisch nodules
according to age, it was found that Lisch nodules
were found in 5% under 3 years of age, 42% in
3-4 years of age, 55% in 5-6 years of age and all
individuals over 21 years of age [7]. Therefore,
the absence of Lisch nodules in children, which
are included in the diagnostic criteria for NF1,
does not rule out the diagnosis of NF1.

Lisch nodules, which are frequently seen
bilaterally and in large numbers, are observed
in one eye in segmental neurofibromatosis Cases
in the half of the face where cutaneous lesions
are present [9]. Lisch nodules do not require
treatment because they are benign and do not
cause visual loss [10]. Optic pathway gliomas are
the most important lesions that cause visual loss.
They are included in the NF1 diagnostic criteria
and are seen in 5% to 25% of patients [11,12].
Gliomas, which are typically low-grade pilocytic
astrocytomas involving the optic nerve, usually
have an asymptomatic course, but depending on
the site of involvement, patients may experience
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decreased visual acuity, color vision impairment,
visual field defects, relative afferent pupillary
defects, proptosis, strabismus, nystagmus, and
puberty precocity [10,13]. Since the risk of optic
glioma decreases in children older than 8 years
of age, it is recommended that detailed eye
screening be performed every year until the age
of 8 years and every two years between the ages
of 8-18 years [14,15].

In patients with NF1-associated optic gliomas,
it is important to follow up every three months
in the first year after diagnosis, with an interval
in the following period [14]. Diagnostic brain
or orbital magnetic resonance imaging (MRI)
is recommended to be performed by the
ophthalmologist when a suspicious lesion is
detected and simultaneously or less frequently
with ophthalmological controls during follow-up
[14]. Chemotherapeutic drugs such as vincristine
or cisplatin may be used in symptomatic optic
pathway gliomas [16]. Radiotherapy is generally
not preferred in very young children because of
the risk of neurological complications, vascular
pathologies such as Moyamoya disease, and the
risk of secondary malignancy [17,18].

Surgical  treatment is  generally not
recommended, although it has been reported
that surgical intervention can sometimes be
performed to remove severe proptosis or dense
chiasmal gliomas[18]. Rapamycin, a specific
mTOR inhibitor, is thought to reduce astrocyte
growth in vitro and may be an alternative in
the treatment of optic gliomas and plexiform

neurofibromas [19,20].

Neurofibromas are benign skin tumors that
may involve the eyelid, brow, and orbit and
are seen in less than 10% of patients with NF1
[6,12]. Neurofibromas that are soft on palpation
and have a worm bag sensation are seen as an
S-shaped deformity of the eyelid leading to
asymmetric ptosis [6,11]. Neurofibromas of
the nodular type are more common, whereas
neurofibromas of the plexiform type are more
clinically significant and can lead to proptosis,
strabismus, amblyopia, and bone deformity
[6,10]. Sphenoid bone dysplasia, which is
associated with orbital plexiform neurofibromas,
can be observed in NF 1 and as a result, the

temporal lobe protrudes into the orbit, resulting
in pulsatile proptosis synchronized with the
heartbeat [11].

Surgical interventions are challenging due to
the tumor location and high bleeding risks
of neurofibromas, and therefore agents such
as kinase inhibitors, mTOR inhibitors, and
fibroblast inhibitors are mainly recommended for
treatment [12-21]. Glaucoma, which can develop
in patients with NF1 by many pathogenic
mechanisms, is not common but may develop at
birth orin early childhood [22]. The most common
cause is disruption of aqueous drainage after
neurofibromatous infiltration and obstruction,
while secondary angle closure, synechial angle
closure, and neovascular glaucoma may develop
with ciliary body infiltration [22,23].

Corneal nerve dysfunction and thickening of
the corneal nerves leading to corneal epithelial
changes are thought to be due to genetic changes
in axons and Schwann cells [24,25]. Although
choroidal nodules can be difficult to detect by
fundus examination and fluroscein angiography,
indocyanine green angiography shows delayed
perfusion in the choriocapillaries surrounding
the nodule [26].

In NF1 patients with less retinal involvement,

multiple retinal capillary haemangiomas,
astrocytic hamartomas, and combined retinal-
retinal pigment epithelium hamartomas may
be seen [27]. In addition, epiretinal membrane,
sectoral retinitis pigmentosa, and myelinated

nerve fibers may be seen [28].
Material and Methods

This study was conducted with the approval
of Afyonkarahisar Health Sciences University
Ethics (2022/12).
diagnosed with NF1, who were definitively

Committee 17  patients
diagnosed by our medical genetics clinic, were
included in the study. We collected some clinical
parameters, including the patient’s prenatal,
natal, and postnatal history, as well as family
history, during our research. The family history
included a detailed genealogy of at least three
generations, asking about parental relationships,
looking for similar members in the family,
and identifying patterns of inheritance of the
condition. While karyotyping was done in our
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lab, the researchers collected peripheral venous
blood samples from patients and sent them to
a commercial lab for gene panels or WES. After
obtaining the definitive genetic diagnosis of all
patients, the researchers compiled a table with
the other parameters the researchers questioned.

In NF1 disease, the characteristic findings of
café au lait spots, Lisch nodules, neurofibromas,
optic gliomas, osseous lesions, and family
history are re-evaluated in patients. Hospital
records were therefore used to obtain patients’
presenting symptoms, family history, and MRI
findings. Dysmorphic facial features were also
identified from the patients” photographs. In this
process, “The Elements of Morphology: Human
Malformation Terminology” was used [28].

Results

Approximately 5000 patients who visited our
medical genetics clinic between 2012 and 2022
are recorded in our archive. Of these, 17 had a
definitive genetic diagnosis. Patients” mutation
forms and family trees in the NF1 gene are shown
in Table 1. In addition, clinical, dysmorphic, and
radiological imaging findings of the disease are
also given in Table 2.

In this study, 5 out of 17 patients were women.
According to the genealogical analysis of the
patients, de novo mutation was detected in only
two patients (Case 12 and Case 15). The families
of the other 13 patients had affected family
members. All of the mutations were referred to
as heterozygous mutations. Cases 5 and 6 were
uncles-nephews, Cases 10 and 11 were siblings,
and Cases 12 and 13 were mother-son. Two
patients had the intronic mutation. The non-
coding mutation was present in Case 3. In Case
7, there was a splicing mutation. In the other 13
patients, the mutation was located in the exon
region. Of the 17 patients in the study, 13 had
pathogenic mutations according to the American
College of Medical Genetics (ACMG) mutation
classification. One patient had the “uncertain
significance” variant. The age range of patients
with a definitive diagnosis was between 2 and
48 years.

In the study, 17 NF1 patients presented primarily
because of café au lait spots on their bodies.
Apart from these spots, other presentation
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symptoms were as follows; neurofibromas,
lisch nodules, disorders of neurodevelopments,
unilateral hearing loss, ataxic gait, seizures, and
short stature. In addition, the most common
dysmorphic facial feature of these patients was
both a long face and a deep eye. The second most
common was both the long chin and the Cupid’s
Bow feature. The third was thick eyebrows.

In 4 out of 17 patients, hamartoma or hamartoma-
like images were noted on brain MRI. In addition,
anormal brain MRI was performed on 4 patients.
When the researchers evaluated Case 2, there
was a pontocerebellar arachnoid cyst. Therefore,
the patient had unilateral hearing loss. This was
the only Case in the study with a false sensory
mutation. In addition, cerebellar hamartoma was
present in Case 2, Case 7, and Case 13. However,
there was no evidence of cerebellar hamartoma
in patients. Optic nerve thickening prevailed
only in Case 13.

In addition, when the researchers evaluated
Case 15, the NF1 mutation caused mental
retardation and autism in the patient. Case 16
presented to us with café au lait stains on her
body. Head circumference and brain MRI were
normal. In addition, the patient’s sister and
mother had similar findings, and optic glioma
was additionally detected in the sister.

When the researchers evaluated Case 17, there
were widespread cafe au lait stains on her body.
When the researchers examined the brain MRI,
the researchers was that there were calcification
and atrophic lesions in the brain. The patient
was also diagnosed with epilepsy. Her mother
had an NF1 mutation. Similar spots were also
observed in her sister.
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Discussion

Genotype and phenotype results of NF1 patients
were presented in this study. Ophthalmological
symptoms in patients were also examined. This
new generation of genetic disease diagnosis
methods can be routinely used in clinical practice
for medical geneticists.

De novo mutations, which are changes in a
gene that occurs for the first time in a family
member, are common in autosomal dominant
disorders. NF1 is one of these diseases. Nearly
half of all NF1 Cases occur as a de novo disease.
In our study, de novo mutation was detected
in one patient. In our other patients, autosomal
dominant mutations were detected [28].

Mutation type is one of the elements used to
classify mutations. For this reason, the type of
mutation is an important step in the genotyping
process. The rate of mutation types in the
NF1 gene is reported to be between 21% and
38% for a nonsense mutation. According to
ClinVar genetic database, 407 of 6254 variants
are reported as nonsense [29,30]. The rate of
variation in the intronic region of the NF1 gene,
where the gene is not translated, is reported to be
43% to 20%. ClinVar genetic database showed an
intronic mutation rate of about 12%. Considering
that the variants causing NF1 disease may occur
not only in exon regions but also in intronic
regions, genetic analysis should be preferred.
For this reason, it is recommended that methods
of genetic analysis such as next-generation
sequencing, which can detect changes in intronic
regions, are chosen [31].

According to the ACMG criteria, variants
identified by genetic analysis are classified
into 5 classes. Class 2 is reported as “likely
to be pathogenic” and class 1 is reported as
“pathogenic”. The disease is thought to be caused
by variants in these two criteria groups. So far,
96 potentially pathogenic and 1753 pathogenic
variants of the NF1 gene have been reported
in the ClinVar database. In addition, over 2800
different pathogenic variants of the NF1 gene
were identified in the University of Alabama
cohort [32].

In the literature, the pathogenic mutation
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detection rate is between 89% and 96%. In this
study, only 2 of the 17 NF1 analyses were “likely
pathogenic”, which is a new mutation, while
the other 15 analyses resulted in “pathogenic”
variants [33].

Doctors are becoming increasingly successful
in diagnosing genetic diseases as technology
These DeepGestalt
(Face2Gene) technology that uses artificial

advances. include
intelligence. This has been reported to be
successful in diagnosing between 86-91% [34].
Next-generation phenotyping (NGP) programs
such as Face2Gene are recommended to be used
in routine examinations, especially by medical
genetics doctors and pediatricians. In addition,
studies have shown that Face2Gene has a
high success rate in patients with significant
dysmorphic facial features [35].

The brain is responsible for controlling our entire
body. That is why it is protected by a very dense
and protected layer of bone called a cranium.
Until the invention of MRI, it was not easy to
detect morphological changes in the brain.
Today, researchers can almost take a photograph
of the brain with MRI [36]. Research has shown
that NF1 disease also leads to some changes in
the brain. One trial found that 6,5% of people
with NF1 had a normal MRI. This was 35% in our
study. This result illustrates the wide range in
which NF1 can occur. In genetics, this is defined
as variable expression. NF1 is one of the genetic
diseases with high variable expression [37].

In a study conducted in Spain in 2019, arachnoid
cysts were detected in brain MRI in 3 of 85 NF1
patients. In our study, arachnoid cysts were
detected in 1, hamartomas in 3, and calcified
areas in 1 of 17 patients [38]. In another study
conducted in Tiirkiye, hamartomatous lesions
in the central nervous system were found in 16
of 19 patients with NF1. As a result, NF1 cannot
be diagnosed with brain MRI alone. Because no
specific picture exists for the condition. However,
as the disease causes lesions in the brain, an MRI
of the brain is recommended for patients with
NF1 [39].

When the researchers looked at the family tree of
Case 16, it was determined that there were similar
findings in her mother and sister. The sister of
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the Case also identified optical glioma. Similarly,
in the study that was conducted by Dr. Parkhurst
et al, among the 708 patients diagnosed with
NF1, 30 patients had optic glioma. The general
findings of half of the patients are visual loss,
proptosis and early adolescence. It also showed
two-sided placement for 19 patients, right-hand
side for seven patients, and left-hand placement
for four patients. In these studies, many of the
NF1 patients did not go to the doctor for eye
control, and in NF1 children, they said that
they developed asymptomatic optic glioma at a
time as early as one year old. They emphasized
that with annual eye checks and early puberty
screening, optical gliomas can be diagnosed
early [40].

In our study, two out of 17 patients had Lisch
nodules: Case 1 and Case 5. When the researchers
evaluated similar studies, Dr. Abaloun et al.
presented NF1 patients at the age of 45. In the
ophthalmological examination of the patients,
he identified Lisch nodules and P+ visual acuity
in both eyes of a patient in biomicroscopic
examination [41]. Only one patient had autism
other than the general NF1 clinical features. Dr.
Garg et al. included 207 patients in their studies.
According to the responses of 109; 32 patients
had high levels of autism, 29 patients had no
secondary autism, and 48 patients had no autism.
Then, 23 people from the high-level autism
group, 16 people from the middle-level autism
group, and 16 people from the non-autism group
were randomly selected and reviewed. Their
analysis stressed that more research should be
done for NF1, but still high levels of autism can
be seen [42].

Conclusion

The diagnosis of diseases is one step ahead
of the treatment of them. Because if the
necessary diagnosis is not made, treatment of
the disease is not possible. While this situation
was more difficult in the past, nowadays, with
the developing technology, diseases can be
diagnosed more easily. In NF1 disease, more
information can be obtained as a result of
genetics, imaging, and examinations of other
branches. For this reason, clinical and genetic
departments should carry out joint studies in

terms of early diagnosis, treatment and follow-
up of hereditary diseases.
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