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Abstract
Purpose To evaluate ophthalmological and molecular findings in eight patients with a clinical diagnosis of neurofibromatosis
type 2 (NF2). New pathological mutations are described and variability in the ophthalmic phenotype and NF2 allelic heteroge-
neity are discussed.
Methods Eye examination was performed in eight NF2 patients, and it included the measurement of the visual acuity,
biomicroscopy, dilated fundus examination, color fundus photography, infrared photography, and spectral domain optical co-
herence tomography (SD-OCT). Molecular analysis was performed with whole-exome sequencing using DNA derived from
peripheral blood mononuclear cells from each individual.
Results Ophthalmological features were present in all patients, ranging from subtle retinal alterations identified only using SD-
OCT to severe ocular damage present at birth. Six mutations were observed: two patients with stop codon mutation as shown on
table 1 and result section, three patients with frameshift mutation as shown on table 1 and result section. Three novel mutations
were found among them.
Conclusions It is a descriptive study of a rare disease, with poor previous literature. Clinical and genetic data are shown, reviving
the need to further studies to clarify the genotype-phenotype correlations in NF2.
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Introduction

Neurofibromatosis is a group of three genetic conditions caused
by mutations in different genes [1] as follows: neurofibromatosis
1 (NF1) is caused by mutations that inactivate the neurofibromin
gene on chromosome 17q [2]; neurofibromatosis 2 (NF2) is

caused by inactivating mutations of the NF2 gene on chromo-
some 22q [3, 4]; and schwannomatosis is caused by germline
mutations in SMARCB1 and LZTR1 genes [5].

Neurofibromatosis type 2 (NF2) is characterized by bilat-
eral vestibular schwannomas, multiple central and peripheral
nervous system tumors, and ocular manifestations [6]. Its es-
timated incidence lies between 1 in 33,000 [7] live births and 1
in 87,410 live births [8]. NF2 has a heterogeneous presenta-
tion and the disease severity ranges widely, from a single
tumor developed later in life to multiple tumors developed in
the first decade. There is also a diverse landscape of disease-
causing NF2 mutations, including nonsense mutations, splice
site mutations, and missense mutations [9]. Genotype-
phenotype correlations in NF2 have been proposed, with non-
sense and frameshift mutations being associated with the most
severe clinical picture. Correlations between truncating muta-
tions and ocular findings have also been observed [10, 11].

Neurofibromatosis type 2 (NF2) is a monogenic autosomal
dominant disease, caused by mutations on 22a12.2 of NF2
gene. The NF2 gene is a tumor suppressor gene that has 17
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exons and codes for a protein termedMerlin or neurofibromin
2. This protein is homologous to ezrin/radixin/moesin (ERM)
family actin-binding proteins and serves as a linker between
plasma membrane proteins and the actin [12]. Neurofibromin
2 is broadly expressed in vertebrate nervous tissues and in
neuroepithelial compartments of the developing mouse eye.
The loss of mouse neurofibromin 2 causes hyperplasia in
these compartments, replicating the ocular abnormalities seen
in human NF2 patients [12].

Ocular abnormalities associated with NF2 are cataract, ret-
inal pigment epithelial hamartomas, retinal hamartomas,
epiretinal membranes (ERM), and paralytic strabismus
[13–15]. In children with a severe phenotype, ophthalmolog-
ical alterations such as strabismus, cataract, ERM, and retinal
hamartomas usually are present before the typical neurologi-
cal symptoms, and their recognition can help to reduce the
delay in diagnosis of pediatric patients with NF2.

Optical coherence tomography (OCT) is a noninvasive im-
aging test that uses infrared light waves to produce high-
resolution cross-section images of the retina. In the last years,
the introduction of OCT in clinical practice provided the dis-
covery of new NF2 specific alterations such as flame-shaped
ERM, retinal tufts, and retinal microhamartomas [16]. It is still
poorly understood how the nature of the NF2 mutation affects
the ocular involvement. The discovery of these subtle and
specific retinal alterations and their phenotype-genotype cor-
relation could serve in the direction of an appropriate medical
treatment and monitoring and can help to better understand
pathogenesis in NF2.

The present study aims to evaluate ophthalmological and mo-
lecular findings in eight patients with a clinical diagnosis of NF2.
New mutations are described and variability in the ophthalmic
phenotype and NF2 allelic heterogeneity are discussed.

Patients and methods

The study was approved by the ethics committee of Federal
University of Minas Gerais, Brazil, and followed the princi-
ples of the Declaration of Helsinki. All patients received writ-
ten and oral information about the study, and written consent
was obtained from all subjects.

The subjects selected for the study were patients diagnosed
with NF2 who were under the care of the neurofibromatosis
outpatient reference center of Federal University of Minas
Gerais, Brazil. The studied group included eight patients, five
male and three females, with a mean age of 25 years (range 14
to 50 years). Patients 1, 2, 3, 4, 5, and 6 were included in a
previous study [16]. All patients fulfilled the Manchester
criteria for NF2. All patients were unrelated, and at least one
first-degree relative of each patient received a complete oph-
thalmological exam, including spectral domain OCT
(SD_OCT). Age and sex-matched controls also received an

ophthalmological exam. There was no history of
consanguinity.

Eye examination was performed in 16 NF2 eyes, and it
included the measurement of the visual acuity and
biomicroscopy before and after pupillary dilatation, dilated
fundus examination, color fundus photography, infrared pho-
tography, fundus autofluorescence, and spectral domain opti-
cal coherence tomography (SD-OCT). SD-OCT was accom-
plished in 15 NF2 eyes; in one eye, OCT scans were not
performed, due to a dense subcapsular lens opacity. SD-
OCT examinations were performed by means of Spectralis
HRA + OCT (Heidelberg Engineering, Heidelberg,
Germany).

Molecular analysis was performed with whole-exome se-
quencing using DNA derived from peripheral blood mononu-
clear cells from each individual. DNA was extracted from
peripheral white blood cells in a high salt method using a
QIAamp Blood DNA Mini Kit (Qiagen®, Milano, Italy) ac-
cording to the manufacturer’s instructions. Capture of exons
was performed using Nextera Rapid Capture Mendelics
Custom Panel V2 followed by new sequencing generation
with Illumina Hiseq (HiSeq paired readings 2 × 75 pb) and
alignment with human genome reference (hg19) using
Burrows-Wheeler Aligner software. Genotyping of variants
with genome analysis toolkit was performed according to
the best practices at Broad’s Institute. Annotation and predic-
tion of pathogenicity of variants using the in-house software
for mutation prediction (Mendelics Abracadabra®) and
checked in the Human Genome Mutation Database and
ClinVar, associated with frequency control population, were
performed.

The homology modeling server SWISS-MODEL [17] was
used to predict the tertiary structure of wild NF2 protein and
the protein product from the three new variants found.

The incidence of cataract, retinal abnormalities, and other
ocular involvement was analyzed. The relationship between
specific ocular findings and different types of mutations of the
NF2 gene were pointed and analyzed.

Results

The results are summarized in Table 1. All patients presented
with bilateral vestibular schwannomas (BVS).

The overall delay between the onset of symptoms and di-
agnosis of NF2 averaged 7 years. Of the eight patients, six had
an early onset of NF2 (< 20 years), and the delay between the
first symptoms and diagnosis in this group was an average of
9.3 years (range 2 to 18 years) (Table 1). In half of the patients
with early onset, the initial symptoms were ophthalmological
disorders (two patients presented with strabismus and one
patient with cataract) and the mean delay in diagnosis in these
patients was 11 years. Late onset of NF2 (> 20 years) was
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observed in two of eight patients, and their NF2 diagnosis was
based on the discovery of BVS just a few months after the
beginning of the first symptoms. The initial symptoms of
these two patients were inferior limb paresis and facial pain.

Ophthalmological features were present in all patients and
range widely from subtle retinal alterations, identified only by
SD-OCT, to severe ocular involvement present at birth.

Cataracts were noted in five of eight patients (four with
early onset and one with late onset). Cataracts were visually
impacting in three eyes of three patients (Fig. 1a, b). One
patient in the early-onset group had chronic-appearing retinal
detachment and retinal hamartoma in the right eye. Epiretinal
membranes were noticed in all five patients in the early-onset
group (Fig. 1c, d); four patients had thick ERM with a flame-
shaped appearance on SD-OCT scans, and one patient had
subtle ERM with fine undulations on the inner retinal surface.
Retinal hamartomas were noted in four patients in the early-
onset group. In two patients, hamartomas were subclinical,
detected only by SD-OCT (Fig. 2d, e). Choroidal nodules,
similar to those described in NF1 patients, were found in three
patients in the early-onset group (Fig. 3a, b). All patients with
epiretinal membrane, retinal hamartomas, and choroidal nod-
ules were in the early-onset group and presented with truncat-
ing mutations. Tufts of retinal internal layers detected exclu-
sively by SD-OCT (Fig. 2a–c) were found in four patients;
two patients had early-onset NF2 and two had late-onset NF2.
Paralytic strabismus was noted in three patients in the early-
onset group.

No first-degree relative presented with NF2 specific ocular
findings, and the only ophthalmological alteration found in
some of them was low ametropias.

Molecular findings

Molecular analysis was performed with whole-exome se-
quencing. In the studied group, we found three categories of
truncating mutations: two patients with premature stop codon
(nonsense) mutations, three patients with frameshift muta-
tions, and one patient with splice site mutation.

All three novel mutations found were frameshift mutations
that caused a change of reading frame and from this point
leading to premature interruption of protein translation. The
two patients with nonsense mutations presented with a C-T
transition, one at position 196 and the other one at position
165. They presented with widely different phenotypes.

No germline mutations were detected in two patients with
late-onset NF2. Those patients presented with retinal alter-
ations, but they were subtle and appear only in SD-OCT.
The ophthalmological features and molecular findings of the
eight NF2 patients are summarized in Table 1.

In a comparison of wild-type NF2 protein structure, tridi-
mensional modeling of new frameshift mutation revealed con-
formation changes in protein structure in all three variants
(Fig. 4).

Discussion

To date, over 400 mutations in the NF2 gene have been de-
scribed (HGMD, Human Gene Disease Mutation Database,
http://www.hgmd.cf.ac.uk/, accessed on 07 September
2018). The majority of these mutations were truncating
mutations, leading to a smaller and probably nonfunctional

Table 1 The main ophthalmological and molecular characteristics of the studied group of patients with NF2

Patient Gender Age
(years)

First
symptom

Mutation Cataract Hamartoma Flame-shaped
ERM

Strabismus Retinal
tuft

Choroidal
nodules

1 M 50 Limb
paresis

Negative + − − − + −

2 F 33 Facial pain Negative − − − − + −
3 M 28 Convulsion Nonsense chr22.30.050.691

C>T
+ + − + − −

4* M 19 Strabismus Frameshift
chr22.30.064367.30.062.368
AG>A

+ − + + − +

5 M 14 Café au lait
spots

Nonsense crh22.30.051.652
C>T

− − + − + −

6* F 24 Limb
paresis

Frameshift
chr22:30.057.260-30.057.268
AACAGACTG>A

− + + − − −

7 M 16 Cataract Intrônic, 2pb crh22.30.069.477
T>G

+ + + − − +

8* F 15 Strabismus Frameshift
crh22.30.032.802.30.032.809
CTGGTTCT>C

+ + + + + +

*Patients with novel mutations
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protein product. The most commonmutations in the NF2 gene
are nonsense mutations and small deletions [9, 18].

About 25% of NF2 patients have a mosaic disease, in
which only a proportion of cells contain the mutated NF2
gene, frequently resulting in cases with a mild presentation.
The initiating mutation occurs after conception, leading to two
separate cell lineages. The proportion of cells affected de-
pends on how early in development the mutation occurs [9,
19, 20]. Two patients in our series had late-onset NF2 and

besides fulfilling the clinical criteria, no mutations were found
on them. We suppose they might have a mosaic pattern.

Different from previous studies [10, 11], at this sample, we
observed ocular features in a 100% of the sample. The main
difference between our group of patients and previous reports
relays on retinal alterations found in patients with a mild phe-
notype and no germline mutations. To our knowledge, no
retinal changes have been reported in patients without
germline mutation. The retinal alterations found in our study

Fig. 1 a Anterior segment
photography of case 1 showing
typical subcapsular and cortical
cataract. b Retinography of case 6
showing a retinal hamartoma. c
Retinography of case 5 showing a
typical NF2 ERM. d SD-OCT of
case 5 showing the ERM with the
characteristic flame-shaped
appearance

Fig. 2 a SD-OCTof case 8 showing a peripheral retina tuft. b SD-OCTof
case 5 showing a small retinal tuft in the macular region. c SD-OCT of
case 2 showing an evident retinal tuft in parafoveal region. d SD-OCTof

case 7 showing a small retinal hamartoma evident only by SD-OCT. e
SD-OCT of case 8 showing an intraretinal retinal hamartoma
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were tufts of retinal internal layers identifiable only using SD-
OCT. The differences in findings might be a technological
issue since the use of SD-OCTwas not usually reported. It is
possible that with the inclusion of SD-OCT in clinical prac-
tice, these subtle findings will be reported more frequently.
Retinal tufts were first described by Chan C on histopathology
exam of three patients with severe NF2 [21]. Retinal tuft iden-
tifiable by SD-OCTwas first described recently in a previous
report involving patients 1, 2, 3, 4, and 5 of the present study
[16].

The relationship between choroidal nodules and NF1 has
been well established. Choroidal findings are so prevalent in
NF1 patients that some authors suggested that they should be
included in the diagnostic criterion of NF1 [22, 23]. Unlike
NF1, there is little information about choroidal changes in

NF2 [16]. Choroidal nodule in an NF2 patient was first de-
scribed in a previous study including patient 4 [16]. In our
series, patients who presented with ophthalmological features
as the first sign of NF2 also show choroidal nodules in near-
infrared imaging (Fig. 3). Two of these patients had frameshift
mutations and one patient had exon 2 splice site mutation
(Table 1). These findings are in accordance with previous
reports associating constitutional splice site mutations in
exons 1–5 to more severe disease. Exons 2 and 3 seem to be
required for self-association of the amino terminal of the NF2
protein [6]. Frameshift mutations are also associated with
more severe disease and retinal alterations in patients with
NF2 [9, 10].

In both patients with nonsense C to T substitution, a stop
codon was inserted resulting in a shorter protein. Clinically,
one patient presented with multiple tumors in very young age,
paralytic strabismus, cataract, subtle ERM, and retinal
hamartoma whereas the other presented with early-onset
NF2 and flame-shaped ERM.

Retinal hamartomas, epiretinal membranes, and retinal tufts
are part of a wide array of ocular abnormalities that occur in
NF2. These retinal lesions are thought to result from develop-
mental defects involving glial cells and the vascular epithelium;
consequently, it has been suggested that they represent different
faces of the same pathological process [16, 21, 24–27]. Until
now, little has been reported on the ophthalmologic course in
patients with NF2. It has been suggested that most NF2-
specific ophthalmologic findings remain stable during the
course of illness [14]. Long-term follow-up of retinal alter-
ations with SD-OCT may improve comprehension of patholo-
gy and relationship between these lesions.

In conclusion, although this study has case-series limita-
tions, including the small number of patients in a descriptive
study, NF2 is a rare disease and there are only a few previous
reports about the ocular findings. This study shed light and
adds new information on both clinical and genetic features in
NF2. Ocular alterations and the associated genetic features can
pave for additional studies on the genotype-phenotype corre-
lations in NF2.
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Fig. 4 Structure modeling of wild-type and frameshift mutations of NF2
gene with SWISS-MODEL. a 3D model of wild-type NF2 protein. b 3D
model of variant NF2 chr22:30.064.367- 30.064.368 AG > A
p.Ala313Pro fs*9 of patient 4. c Protein structure of variant
chr22:30.032.802 -30.032.809 CTGGTTCT > C p.Trp60Leu fs*9 of pa-
tient 8. d 3D model of variant chr22:30.057.260 30.057.268
AACAGACTG > A p.Arg249Pro fs*9 of patient 6.

Fig. 3 a Infrared imaging and SD-OCT of case 4 showing a choroidal nodule. b Infrared imaging and SD-OCT of case 8 showing a choroidal nodule
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