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RETINAL DISORDERS

A novel mutation (Cys83Tyr) in the second zinc finger
of NR2E3 in enhanced S-cone syndrome
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Abstract

Background Enhanced S-cone syndrome (ESCS) is an
autosomal recessive retinal disorder characterized by an
increased number of S-cones over L/M cones and rods.
Mutations in the NR2E3 gene, encoding a photoreceptor-
specific nuclear receptor, are identified in patients with ESCS.
The purpose of this study is to report the ophthalmic features
of a 25-year-old Portuguese male with a typical ESCS
phenotype and a novel homozygous NR2E3 mutation.
Methods The patient underwent a detailed ophthalmic
examination including fundus photography, fluorescein
angiography (FAF), fundus autofluorescence imaging (FAI),
and spectral domain optical coherence tomography (SD-
OCT). Full-field electroretinography (ERG), S-cone ERG,
and multifocal ERG were performed. Mutation screening of
the NR2E3 gene was performed with polymerase chain
reaction amplification and direct sequencing.
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Results The patient had poor visual acuity but good color
vision. Funduscopy showed degenerative changes from the
vascular arcades to the midperipheral retina. The SD-OCT
revealed macular schisis and cystoid changes that had no
fluorescein leakage. The posterior pole showed diffusely
increased autofluorescence compared with eccentric areas
in both eyes. International-standard full-field ERG showed
the typical pathognomonic changes associated with ESCS
and the short-wavelength flash ERG was simplified, delayed,
and similar to the standard photopic flash ERG. Multifocal
ERG showed widespread delay and reduction. Genetic
analysis revealed a novel homozygous mutation (p.C83Y),
which resides in the second zinc finger of the DNA-binding
domain.

Conclusions This homozygous mutation is likely to
affect binding to target DNA sites, resulting in a non-
functional behavior of NR2E3 protein. It is associated
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with a typical form of ESCS with a nondetectable rod
response and reduced/delayed mfERG responses at all
eccentricities.

Keywords Enhanced S-cone syndrome, NR2E3 - S-cone -
Retina - ERG

Introduction

Most retinal dystrophies are the result of either a generalized
rod dysfunction, a generalized cone dysfunction (involving all
three cone subtypes), or a generalized dysfunction of both
rods and cones either simultaneously or successively. In 1990,
Marmor [1] described a series of eight patients with night
blindness, cystoid maculopathy, degenerative changes in the
region of the vascular arcades, and loss of visual field. These
patients showed S-cone hypersensitivity in electrophysiolo-
gical testing; this condition was designated enhanced S-cone
syndrome (ESCS). The ESCS has an autosomal recessive
inheritance pattern and is characterized by hypersensitivity to
short wavelength flashes with a concomitant decreased rod
and L and M cone response [1-3].

Over ten mutations of the NR2E3 gene have been identified
in European patients with ESCS [4]. This gene encodes a
photoreceptor-specific nuclear receptor. It consists of eight
exons mapped on chromosome 1524 [5]. Functionally,
NR2E3 protein regulates the proper differentiation and
maturation of rod and cone photoreceptors [6—10]. To date,
more than 30 mutations in the NR2E3 gene have been
described not only in ESCS [4, 11-15] but also in Goldmann—
Favre syndrome (GFS) [11, 16], autosomal recessive retinitis
pigmentosa [17, 18], autosomal dominant retinitis pigmentosa
[17, 19], and clumped pigmentary retinal degeneration [11].
Because appropriate ERG analyses demonstrated a relatively
enhanced S-cone function and the presence of NR2E3
mutations in GFS, it was concluded that the two diseases
are likely to be one clinical entity, being the GFS the severe
phenotype [11, 16, 20].

Although characteristic electroretinographic responses
are usually essential for diagnosis, there is a variable
spectrum of disease severity in patients with ESCS. We
describe the clinical findings of a Portuguese patient with
ESCS with a novel homozygous mutation in the NR2E3
gene and exhibited a typical phenotype.

Materials and methods
Clinical studies

Ophthalmic examination included best-corrected visual
acuity (BCVA), slit-lamp and dilated fundus observation,
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Goldmann kinetic perimetry, chromatic vision testing,
fluorescein angiogram (FAF), fundus autofluorescence
imaging (FAI), spectral domain optical coherence tomo-
graphy (SD-OCT), contrast sensitivity, dark adaptometry,
and electrophysiological testing. Color vision testing included
color contrast sensitivity threshold and the Farnsworth 100-hue
test. The color contrast sensitivity thresholds were measured as
proposed by Arden et al. (1988). In brief, the system uses a
calibrated 21-inch color monitor to present random letters as
targets to be identified. The letters are of equal luminance to the
background, and can only be recognized because their hue
differs from the background. All stimuli are equiluminant with
the background. This is ensured by a preliminary adjustment
(in every patient) of the relative luminance of the red and green
and green and blue phosphors. Then a modified binary search
is carried out to determine the threshold color contrast along the
protan, deuteran, and tritan color confusion lines [21]. All these
color vision tests were performed monocularly. Cross-
sectional retinal images were evaluated using SD-OCT
(SPECTRALIS Spectral-domain OCT, Heidelberg Engineer-
ing, Heidelberg, Germany). The SD-OCT was taken horizon-
tally through the fovea (transverse width of 20°). Dark
adaptometry was performed based on the Goldman-Weeker
adaptometer. Briefly, the patient was pre-adapted under
photopic conditions (30 cd/m?) for 5 min. The dark
adaptation characteristic was then assessed by measuring
detection thresholds under scotopic conditions over a 30-min
period.

Electrophysiological evaluation included full-field
electroretinograms (ERG) using a Ganzfeld dome, long
duration ON-OFF ERG, S-cone ERG, Electro-oculogram
(EOQG), and multifocal ERG (mf ERG). The ERG testing
was performed according to the protocol of the International
Society for Clinical Electrophysiology of Vision [22]. Briefly,
under dilation and after dark adaptation (30 min), a dim
white flash of 0.01-0.05 cd-s/m? was used for the scotopic
(rod) response and a single white bright-flash (3 cd-s/m?) for
the combined response. After light adaptation (10 min;
25 ¢d/m?), a brief white flash (3 cd-s/m?) was superimposed
for the photopic response. The 30-Hz ERG was obtained in
the same conditions using a 30-Hz flickering stimulation.
The S-cone ERG was performed, under photopic conditions,
using a blue stimulus (440 nm; 10 ms; 65 cd/m®) on an
orange (660 nm; 350 cd/m?) background [23, 24]. For the L/
M cones ON-OFF ERG, the 200-ms orange (660 nm;
350 cd/m?) stimulus was used on a green (530 nm; 130 cd/
m?) background [25]. The EOG was obtained after a room
light pre-adaptation period of 10 min [26]. Acquisitions were
made after 15 min of dark adaptation and repeated after
15 min of light adaptation. The mfERG was acquired
using an array of 61 stimulus (200 cd/m?) according to
the recommendations of ISCEV [27]. All the electrophys-
iological exams were performed using the Metrovision



Graefes Arch Clin Exp Ophthalmol

vision monitor (Pérenchies, France). For the ON-OFF
ERG and the S-cone ERG, an additional external led
stimulator was used (CH electronics).

Molecular genetic studies

The protocol adhered to the Declaration of Helsinki, and
informed consent was obtained from the participant.
Genetic analysis was performed at the Department of
Ophthalmology at The Jikei University as previously
described [12, 15]. Briefly, genomic DNA was extracted
from venous blood samples using a Puregene Blood DNA
Isolation kit (Gentra Systems, Minneapolis, MN). For
mutation screening, all exons (exon 1 to exon 8) and the
promoter region of the NR2E3 gene were amplified by
polymerase chain reaction (PCR) using previously reported
primers [12, 15]. The PCR products were purified with a
QIAquick PCR Purification kit (Qiagen, Tokyo, Japan) and

Fig. 1 Fundus photographs and
fluorescein angiograms (FAF)
images. Color fundus montages
of the right eye (a) and left eye
(b) show degenerative lesions in
the midzonal retinal areas, near
the arcades with nummular
pigmentary changes at the RPE
level. Absence of foveal reflex
and the presence of schisis-like
changes in both maculae are
also observed. Midphase
fluorescein angiograms of the
right eye (c¢) and left eye (d)
show no leakage in the maculas.
The fundus autofluorescence
images (e and f) show a
diffusely increased auto
fluorescence (AF) associated
with the arcades with some
sparing of central and inferior
macular area. The SD-OCT
images show the presence of
macular schisis with cystoid
changes in the right (g) and left
maculas (g) in the inner and
outer nuclear layers

used as the template for sequencing. Both strands were
sequenced on an automated sequencer (3730x/ DNA
Analyzer, Applied Biosystems, Foster City, CA) using a
BigDye Terminator kit V3.1 (Applied Biosystems). A
nucleotide variation in exon 3 was analyzed in 100 normal
controls without any retinal diseases.

Results

Clinical findings

A 25-year-old male patient was referred to our hospital with
suspected X-linked juvenile retinoschisis. The patient was one
of the three children from a consanguineous couple (second-
degree cousins) and was the only family member with visual
symptoms. His chief complaint was of decreased vision but,
even after inquiry, he denied nyctalopia. His BCVA was 0.5 in
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Fig. 2 Goldmann perimetry 3
shows decreased central

sensitivity with constriction of a
the 1/2e and/or 1/3e isopters

(a 1/2e: 10° of fixation in the

right and b 1/3e: 20° of fixation

in the left), but normal

peripheral visual fields

the right eye and 0.25 in the left eye. The anterior segment
examination was unremarkable. Intraocular pressure was
within the normal range. Fundoscopy showed bilateral foveal
schisis-like changes (Fig. la, b). In addition, nummular
pigmentary deposits were observed at the RPE level in the
mid-periphery and along the vascular arcades, without
vascular attenuation. FAF did not reveal any hyperfluores-
cence or leakage at the macular lesions (Fig. lc, d). FAI
showed diffusely increased AF over broad, crescent-like areas
associated with the vascular arcades and optic disc in
both eyes. More eccentric areas were hypofluorescent in
comparison. Parafoveal hyperfluorescence was greater
in the left eye compared to the right eye (Fig. le, f).
The SD-OCT images confirmed the presence of macular
schisis with cystoid changes in both maculae (Fig. 1g, h).

Functional evaluation

Color vision testing did not demonstrate a preferred axis of
chromatic confusion, with 100 and 186 error scores in the right
and left eye respectively on the Famsworth 100-hue. The CCS
thresholds were within normal limits. Goldmann perimetry
revealed bilaterally decreased central sensitivity with constric-
tion of the 1/2e and/or I/3e isopters (I/3e: 20° of fixation in the
left and 1/2e: 10° of fixation in the right). However, there was
no constriction of the visual fields (Fig. 2). The dark
adaptometry curve showed a monophasic pattern with
elevated cone threshold without the characteristic decrease

that is attributed to rod function in normal individuals (Fig. 3).

Electrodiagnostic tests revealed characteristic patterns
for ESCS. Scotopic dim flash rod ERG were undetectable.
The waveforms of combined (rod-plus-cone) responses
were similar to those of the photopic responses. Flicker
ERGs of 30-Hz were smaller than the single flash cone
a-waves (Fig. 4). The ERG results of specific chromatic
stimulation showed that most of the ERG responses were
arising from S-cone systems. S-cone ERG were delayed,
simplified, and resemble the single flash cone ERG
(Fig. 5). The ON-OFF responses with 200-ms orange
stimulation, which are originated from the L/M cones [23],
were markedly decreased in the patient, indicating minimal
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responses to L/M cone stimulation (Fig. 5). The OFF L/M
cones response was absent.

The EOQG light rise was detected, with a reduction on the
Arden index (1.56 and 1.65, for a normal value of 1.85).

Comparing the mf ERG to the mf ERG of normal subjects,
reduced amplitudes and delayed implicit times, of both N1
and P1 components, were observed at all eccentricities and at
all retinal locations (Fig. 6).

Molecular genetic findings

The genetic analysis identified a novel homozygous
mutation in exon 3. This mutation leads to the substitution
of an adenine for a guanine base (c.248G>A). At the proteic
level, this causes the substitution of a tyrosine for a cysteine
at position 83 on the highly conserved DNA-binding

Sensitivity
(dB)

Sensitivity
(dB)

100
0 300 600 900 1200 1500 1800

Time (sec)

Fig. 3 Dark adaptometry curve of the patient (upper panel) shows a
monophasic pattern without the characteristic decline attributed to rod
function (arrow) that is seen in normal individuals (lower panel)
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Fig. 4 Full-field electroretinograms (ERGs) of the patient and a
normal subject. In the patient, there is no scotopic response (DA 0.01);
the waveforms of the combined (DA 3.0) and photopic (LA 3.0)
ERGs are very similar. The photopic ERG a-and b-waves are delayed

domain (DBD), which consists of 84 amino acids (cysteine
47 to valine 130) (Fig. 7). No other nucleotide substitution
was detected in the patient. The cysteine residue at position
83 (Cys83) within the second zinc finger motif of the DBD
(arrow) is conserved among orthologs of other vertebrate
species (Fig. 7), predicting a functionally important amino
acid residue.

The patient’s parents were heterozygotes for the mutation
(p.C83Y). This mutation was not found in the 100 normal
controls or in database searches of PubMed, The Human Gene
Mutation Database (URL: http:/www.hgmd.cf.ac.uk/), and
of the Leiden Open Variation Database (http://www.lovd.nl/)
[20].

Discussion

In this study, we describe the clinical, electrophysiological,
and psychophysical findings of a 25-year-old male patient
who was diagnosed with ESCS. Genetic analysis revealed a
novel homozygous NR2E3 mutation (p.C83Y). This is the
first report of an ESCS patient with any NR2E3 mutation in
the Portuguese population.

The DBD of NR2E3 is composed of highly conserved
two zinc finger motifs that facilitate binding to target DNA
sites [19]. Four cysteine residues are coordinated with one
zinc atom in each zinc finger. Cys83 is the first cysteine
residue of the second zinc finger (Cys83 to Cys103) [19].

almost 20 ms when compared to the normal subject. Delayed 30-Hz
flicker ERG (LA 3.0 flicker), with lower amplitude than the single-
flash photopic a-wave are also detected

S cone ERG on-off ERG
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Fig. 5 Electroretinograms of specific chromatic stimulation. S-cone
ERGs were delayed, simplified, and resemble the single flash cone
ERGs. The ON-OFF responses with 200-ms orange stimulation are
markedly decreased. The S-cone ERGs waveforms were not super
imposable due to limited patient compliance
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Fig. 6 Multifocal ERG. The
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Fig. 7 a Partial nucleotide sequences of exon 3 in a wild-type and in
the patient. A homozygous variation ¢.248G>A (exon 3) is shown in
the patient (arrow), resulting in a new homozygous missense mutation
(Cys83Tyr) in the DNA-binding domain of NR2E3 protein. b Amino
acid alignment of the DNA binding domain of the human NR2E3
protein. The cysteine residue at position 83 within the second zinc
finger motif (arrow) is highly conserved among orthologs of human
NR2E3. hs: Homo sapiens (human); mm: Mus musculus (mouse); gg:
Gallus gallus (chicken); xt: Xenopus tropicalis (xenopus); dr: Danio
rerio (zebrafish)
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The D-box, a short loop with six amino acid residues
between the first cysteine (Cys83) and second cysteine
(Cys90) of the second zinc finger [S], is important for
homodimerization of NR2E3 to be functionally active,
suggesting that Cys83 is an important amino acid. In vitro
experiments using electrophoretic mobility shift assay
showed that varied NR2E3 proteins with mutations in the
zinc finger motifs exhibited reduced binding to the target
DNA sites [28, 29]. Those NR2E3 mutant proteins, which
were localized at least partially in cell nuclei, exhibited
reduced transcriptional activity of the target gene [28, 29]
and impaired dimerization [29] using cultured cells. The p.
C83Y mutated NR2E3 protein is not able to dimerize to
become active. This results in disruption of the target DNA
binding sites leading to a null function of the DBD. It is
expected that the homozygous p.C83Y mutation causes
severe non-functional behavior of NR2E3 protein.

ESCS shares several clinical features with GFS that is
characterized by night blindness, pigmentary degeneration,
macular and peripheral retinoschisis, posterior subcapsular
cataract, markedly abnormal ERG and degenerative vitreous
changes [30, 31]. Jacobson et al. demonstrated enhanced
S-cone responses in patients with GFS [3], while NR2E3
mutations have been also found in GFS patients. Based on
these findings, it was concluded that these two diseases are
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likely to be one clinical entity [11], with two identifiable
phenotypes in a wide-range spectrum of clinical expression of
the same retinal degeneration [16, 20]. However, the absence
of peripheral retinoschisis, posterior subcapsular cataract, and
degenerative vitreous changes differentiates ESCS patients
from patients with GFS phenotype. Our patient did not exhibit
peripheral retinoschisis, cataract, or degenerative vitreous
changes. The SD-OCT images revealed macular schisis with
cystoid changes (Fig. 1), which are frequently seen in both
ESCS and GFS [11, 16, 24] but are different from cystoid
macular edema secondary to other conditions such as diabetic
retinopathy and retinal vein occlusion that are characterized
by the presence of leakage on fluorescein angiography.

The main ERG characteristics in our patient included the
pathognomonic changes previously described in [24]. This
included an absent rod ERG consistent with absence of rods.
There was a simplified and delayed waveform to a standard
flash under photopic and scotopic conditions, presumably
both dominated by short-wavelength sensitive cones. The
30-Hz flicker ERG was severely abnormal and delayed and
was smaller than the single flash cone ERG a-wave;
these distinctive findings may be explained by considering the
low temporal resolution of the S-cone system.

These results are in accordance with the histopathological
studies that have demonstrated the absence of rods and the
predominance of S-cone opsin over L/M cones in postmortem
retinas of ESCS patients [32, 33]. Mild phenotypes of
ESCS associated with compound heterozygous mutations
have been found to have a residual rod response or a
morphologically normal waveform of the combined ERG,
either alone or together [15, 34]. Regarding the mfERG
findings, Marmor et al. [35] previously described a normal
waveform in the most central ring and a marked
deterioration in the two paracentral rings in a patient with
ESCS. Subsequently, similar mfERG findings have been
described in five patients with ESCS, at least two of which
had macular cysts [24]. Thus most of the patients had
nearly normal central response [24, 35], suggesting
preserved function of the most central macula retina in
ESCS. However, our patient showed reduced amplitudes
with delayed implicit times in both N1 and P1 components
even in the most central ring (Z1) of both eyes (Fig. 6).
The disorganization of laminar structure, namely macular
schisis with cystoid changes (Fig. 1) can explain the
reduced amplitudes of all the ring of the mfERG (Fig. 6).
The condition of our patient with the homozygous p.C83Y
mutation, causing expression of the putative non-functional
NR2E3 protein, may be associated with a severer phenotype
of ESCS that has reduced central mfERG responses compared
with that of ESCS with preserved central responses.

In summary, we reported the first Portuguese ESCS
patient with a novel homozygous mutation (p.C83Y) in the
NR2E3 gene. The mutation, which resides within the

second zinc finger of the DBD, may cause a typical form
of ESCS with nondetectable rod responses and reduced
mfERG amplitudes in all eccentricities.
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