Improvement in visual function after correction of vitamin A deficiency

nopathy), whereas the remaining 47% showed unexpected
post-receptoral dysfunction, such as cone (or cone-rod)
dystrophy or RR. Thus, although' the mechanism by which
negative' ERGs are induced remains ‘uncléar in VAD' and

hereditary ' photoreceptor- disorders, post-receptoral dy-
sfunction is strongly suspected to'be a secondary effect. «

With regard to cone dysfunction, considerable attention
has been focused on which of the 3 cone classes is most
susceptible to VAD. One report addresses’ ‘this' issue (4)
finding that 2 of 3 patients with VAD had undetectable S-

cone ERG responses, even thotigh both these patients had
borderline amplitude values in cone ERGs (4) with presu-
mably preserved L- and M-cone function, findings which
were similar to those in our present patient (Fig. 1B). To

test the hypothesis that S~cone~mediated funiction is more
severely affected than L- andM-cone=mediatéd function

in VAD, we compared the results of SITA-SAP (Fig. 2A) with

those of SITA-SWAP (Fig. 2C) in our patient. We noted that

the MD values were much worse in“SITA-SWAP than‘iti-
SITA-SAP, ‘suggesting that S-cone pathways were selecti--

vely affected before vitamin A treatment. Loss of the visual
fields in SITA-SWAP was dramatically improved by vitamin
A treatment (Fig. 2D): To our knowledge, this is the first re-
port in which comparisons between white-on-white (SITA-

SAP) and blue-on-yellow (SITA-SWAP) perimetries were
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Background: Muliiple evanescent white dot syndrome (MEWDS) is an inflammation of
the choriocapillaris, which typically presents with unilateral vision loss and is character-
ised by the presence of multiple yellow-white spots in the posterior pole to the midpe-
ripheral fundus. This study was conduced to evaluate subfoveal choroidal thickness
between the acute and convalescent phases in two patients with MEWDS.

Methods: Two young female Japanese patients underwent a comprehensive ophthalmic
exarmination, including slitlamp biomicroscopy, funduscopy and both fluorescein and
indocyanine green angiographies. The subfoveal choroidal and central retinal [hl(,k—
nesses were ‘measured ‘using Cirrus high-definition spectral-domain Optl(.dl coherence
tornography.

Results: The two patients were diagnosed with unilateral MEWDS based on characteristic
funduscopic and angiographic findings. The disrupted foveal inner segment-outer
segment boundary line in the acute phase was restored in the convalescent phase in both
patients. In the affected eye of Patient 1, the subfoveal choroidal thickness (337 pm)

noted in the acute phase decreased to 249 pun at 133 days alter the initial visit (conva-
lescent phase). Similarly, the acute phase thickness (440 pm) in Patient 2 decreased to
858 1im at 133 days after the initial visit. The thickness in the asymptomatic opposite eye
also ‘decreased during the convalescent phase in both patients. In ‘the acute phase,
thickness in the affected eyes was greater than that in the opposite eyes in both patients.

In contrast, central retinal thickness remained unchanged in both eyes during follow'up
in both patients.

Conclusion: This is the first report to describe the relationship between subtovedl cho-
roidal thickness and MEWDS. We found that the choroid was thicker in the acute phase
than the convalescent phase in both the affected and opposite. eyes of both patients,
suggesting that an inflammatory reaction might occur in the choroidal stroma in addi-
tion to the choriocapillaris and might be bilateral rather than unilateral.

Key words: choroidal inflammatory disease, choroidal thickness, optical coherence tomography, statins, white dot syndrome

Multiple . evanescent white dot syndrome
(MEWDS), first described .in 1984 by
Jampol and colleaguesl and Sieving and
colleagues,? is a typically unilateral retin-
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opathy with sudden onset of vision loss  faint, yellow-white spots in the posterior

that  occurs predominantly in young  pole to the midperipheral fundus. The

females. - Ophthalmoscopic examination
in patients with MEWDS reveals roultiple

disease is selflimiting with -almost all
patients. regaining  good. visual acuity

© 2011 The Authors
Clinical and Experimental Optometry © 2011 Optometrists Association Australia.
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within several weeks. Fluorescein angiog-
raphy (FA) shows hyperfluorescence of
the yellow-white spots, whereas late-phase
indocyanine green angiography (ICGA)
reveals more hypofluorescent spots than
what is seen with fluorescein angiogra-
phy.** Although the pathogenesis of

MEWDS remains, unknown electronctm—_
ography and electrooculography have

revealed dysfunction of the photorecep-

tors and retinal pigment epithelium.™’
Recent spectral-domain optical coher-

ence tornographic (SD-OCT) studies have

noted - disruptions. in the. photoreceptor..

inner segment/outer segrent: junction
(IS/08) in patients with acute phase

MEWDS, but no pathological changes in.

the retinal pigment epitheliuin or chor-

0id.*? Here, we investigate changes in-sub-
foveal choroidal thickness between acute:
and convalescent phases in two patients -

with- MEWDS. .

METHODS ;

This study was conducted under a retro-

spective design in two patients diagnosed -
with MEWDS. They had undergone a com--

prehensive - ophithalmic  exarnination,.

including assessment of visual acuity (VA),

slitlarnp - biomicroscopy, - dilated fundus-.

copy - and . fluorescein angiography

(VISUCAM NM/FA; Carl Zeiss Meditec:
AG, Dublin, CA, USA). We also performed: -

‘indocyanine green angiography - using:a
scanning laser - ophthalmoscope . Model
101 (Rodenstock Instruments, Munich,
Germany) in one of the two patients.
‘Cross-sectional - retinal

tally through the centre of the fovea
(6.0 mum line) using programns with either

five line ras(er or HD ﬁve—hne raster
Using the Clxrus hneu medsurement tool .

two mdependent observers manua.lly mea-
sured subfoveal choroidal thickness from
the posterior edge of the retinal pigment
epithelium to the choroid/sclera junction
at the position of the foveal depression; in
accordance with - a’ previously published
method."" The average of ‘the obtained
measurements was determired as the sub-

© 2011 The Authors

images  were -
evaluated using  SD-OCT . (Cirrus, HD- .

OCT, Carl: Zeiss Meditec' AG) in both
patients. The SD-OCT was taken horizon- .

foveal choroidal thickness. Similarly, the
central retinal thickness (at the position of
the foveal depression) was manually mea-
sured at this time to compare changes in
both retinal and choroidal thickness
during follow-up periods.

Patient 1
A 21-year-old female Japanese patient with
no previous history of ocular disease pre-

sented to our hospital with sudden loss of . .

visual acuity in the right eye. On initial
examination, VA was 0.2 (with -11.00 DS)

in theright eye and 1.2 (with -9.00 DS) int
- the left eye. No inflammatory cells were

observed in the anterior segment or vitre-

ous of either eye. Fundus:examination

revealed foveal granularity and scattered

- yellow-white spots in the posterior pole in

the righteye (Figure 1A). Early phase fluo-

‘rescein angiography- in - the - right. eye
::showed . small . hyperfluorescent. lesions

that were deterrnined to be retinal spots
(Figure 1B). Late-phase ICGA of the right

- eye. revealed numerous hypofluorescent
spots . throughout the. posterior. pole

(Figure 1C). In contrast, no significant

‘findings were noted in the left eye on fun-

duscopy, fluorescein.
indocyanine green angiography. SD-OCT
of the right eye revealed a disrupted exter-
nal luniting membrane (ELM) and IS/08
lines in  the foveal region -(Figure 2A).

angiography or

There was no evidence of systemnic inflarn-
mation (normal erythrocyte sedimuenta-
tion rate and C-reactive protein levels). No
therapy was administered..

Five weeks after the initial visit, VA had
recovered: to. 1.0, all evidence of foveal
granularity and yellow-white spots had dis-
appeared (Figure 1D) and the ELM and

‘,‘_IS/OS hnes hdd been rcstored w1thout,;
" therapy. At the ﬁnal v151t (54J days after

the initial v1s1t), VA was 1.2 and ELM and
IS/OS lines in the right eye were pre-
served (Figure 2C).

Patient 2 : ~
A 16-year-old female Japanese patient with
a history of famnilial hyperchiolesterolaemia

and’ simnvastatin treatment was referred to:

Clinical and Experimental Optometty © 2011 Optométrists Association Anstralia

J and measured 243 uxn
kv1s1t (:54J ddys after the mmal VLSlt)

our hospital three days after corplaining
of blurred vision in the right eye. She
reported flulike symptoms seven days
before the initial visit. On initial examina-
tion, VA was 1.2 (-8.00 DS) in the right eye
and 0.8 (-3.00 DS) in the left eye. No sig-
nificant findings were observed in the

. anterior segment or vitreous of cither eye.

Funduscopy revealed foveal granularity
and faint, scattered, yellow-white spots in
the posterior pole in the left eye
(Figure 1E). While early phase fluorescein
angiography in the left eye showed
small  hyperfluorescent _spots
(Figure IF), the rxight' eye appeared.
normal on funduscopy or fluorescein
angiography. SD-OCT - in the. left .eye
revealed a disrupted IS/OS line in the
foveal region (Figure 2B). There was no
evidence of systemic inflarmmation and no-.

retinal

therapy was administered. .

Subjective  visual improvement: was
reported within “several: days fromthe
onsct of the symptom.: VA recovered to 1.2
six days after the initial visit, and after one
month the foveal granularity and yellow-
white  spots had disappeared . entively
(Figure 1G) and  the IS/OS line  was
restored. At the final visit (133 days after
the initial visit), VA was 1.5 and the IS/OS
line in the left eye was found to be pre-
served (Figure 2D). The simvastatin treat-
ment has been continued. during. the
follow-up period.

Assessment of subfoveal
choroidal and central
retinal thickness
In Patient 1, while the subfoveal choroidal
thickness at the initial visit (acute phase)
was 337 um in the affected right eye:
(Figures 2A and 3A), this thickness mark-
edly decreased to 249 pum at 133 days
after the initial visit (convalescent phase)
on the flIld.l‘
(Figure 3A). The subfoveal choroidal
thickness in the opposite left eye also
decreased over the course of follow up,
from 277 pm to 241 pm (Figure 3A).
‘Similarly, in Patient 2,  the subfoveal
choroidal thickness at the  initial “visit'
(acute phase) was 440 pm in the affected:
left eye (Figures 2B and 3B) but marked]y"

Clinical and Experimental Optomerry 95.2 March 2012
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Figur the right eye ‘eye: -G).

Fundus photograph showing foveal granularity and scattered yellowwhlte spots in the posterior pole (A). Early phase fluorescein
angiographic image showing ‘small hyperﬂuorescent retinal ‘spots (B). Late-phase’ mdocya.mne green angiographic image showing
numerous hypofluorescent spots throughout the posterior pole (C). Fundus photograph showing that the foveal granularity and
yellow- -white spots had dxsappeared at five weeks after the initial visit (D). Fundus photograph showmg foveal granulanty and faint,
scattered, yellow -white spots in the postenor pole (E). Early phase ﬂuorescem anglographlc image showing small hyperfluorescent
retinal spots (F). Fundus photograph showmg that the fovedl granularity and yellow -white spots had dmdppedred one month after the

initial visit (G).

decreased to 358 pmn at the final visit
(133 days after the initial visit, convales-
cent phase) (Figures 2D and 3B). The sub-
foveal choroidal thickness in the opposite
eye (RE) also-decreased, from 382 um to
331 umn (Figure 3B).

In both patients, the choroidal stromal
vessels in the acute phase (Figures 2A and
2B) were more dilated than in the conva-
lescent (Figures 2C and .. 2D);
however, no change was noted in the

phase

central retinal thickness of either eye of

either patient (Figures 3C and 3D for
Patients 1 and 2, respectively) during the
follow-up periods.

DISCUSSION

Here, we report new SD-OCT findings in
two patients with MEWDS. The subfoveal
choroidal thickness in patients during the
acute phase was considerably thicker than
in the convalescent phase, not only in the
affected eye but also in the asymptomatic

Clinical and Experimental Optometry 95.2 March 2012
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opposite eye. In addition, thickness
during the acute phase was thicker in the
affected eye than in the opposite eye in
both patients.

Although the aetiology of MEWDS is
not well understood, fluorescein angio-
graphic and electrophysiological studies
have  suggested that this inflarnmatory
disease affects the retinal pigment epithe-
lium and outer retina. Subsequently,
several reports have suggested that the
numerous hypofluorescent spots noted on
ICGA are likely to be due to hypoperfu-
sion of the choriocapillaris, making the
disease primary inflammation of the cho-
riocapillaris.’?® Schaal and colleagues™
reported a single case of simultaneous
appearance of MEWDS and multifocal
choroiditis, suggesting a possible cormmon
causal entity.

In contrast to indocyanine green angio-.

graphic findings, recent SD-OCT studies
have noted no abnormalities in the retinal
pigment epithelial layer or choroid in

MEWDS patients,*® although choroidal
thickness has not been comnpared between
the acute and convalescent phases.
SD-OCT findings for affected eyes in the
present study revealed a marked decrease
in subfoveal choroidal thickness {rom the
acute phase without therapy in both
patients after four or more months (Fig-
ures 2 and. 3). A recent study described
electroretinographic. and SD-OCT find-
ings in seven patents with MEWDS,’
noting that the choroidal thickness and
the choroidal stromal vessels in the conva-
lescent phase (four months after the
initial visit) appeared to be reduced over
values in the acute phase in at least one
(Padent 1 in Figure 27) of the seven
patients, although the authors did not
explicitly mention choroidal thickness.’
The SD-OCT findings in our two patients
showed greater dilation in the choroidal
stromnal vessels during the acute phase
(Figures 2A and 2B) compared with the
convalescent phase (Figures 2C and 2D),

© 2011 The Authors
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- 18:08 © ELm

Disrupted ELM and 1S-0S

1S-08 Disrupted‘lS-CS

Flgure 2. Honzonta.l scan nnages (6 0 mm) of ;specu*al domam opt:cal coherence tomography (SD—OCT) of the nght eye of Patlent 1
(A and C) :md the left eye of Patient 2 (B and, D). . \

The SD-OCT images reveal a dlsrupted extemal hmltmg membrane (EIM) and photoreceptor mner segment/ outer segment _]unctlon‘
(IS/OS) lines in the foveal region (A) and dlsrupted IS/ oS lme in the foveal reglon (B) in the acute phase. The astensks mdxcate.
dilated chormdal stromal vessels A and B The SD-OCT i images show restoranon of the ELM lme and IS/08 lines at the final visit
(345 days after the initial v1snt) (Q) and restoration of the IS/ OS line at the final visit (133 days after the initial visit) (D) in the
convalescent phase. The arrowheads indicate the choroid/sclera junction (A-D). The double-headed arrows indicate subfoveal
choroidal thickness (A and B). The subfoveal choroidal thickness markedly decreased from 337 pm (A) to 249 pm (C) in Patient 1 and
from 440 pm (B) to 358 pm (D) in Patient 2.

suggesting  that choroidal thickening
wight be due to dilation of the choroidal
stromal vessels. These present and previ-
ous findings suggest that in addition to a
disrupted IS/OS line, choroidal thicken-
ing might be a feature of the acute phase
of MEWDS (Figures 2A and 2B).*
‘Marked increases in choroidal thick-
ness can ‘be observed in patients with
Vogt—Koyanagi-Harada (VKH) disease"
or central serous ' chorioretinopathy
(CSC).1>1%. VKH - diseaseis a  bilateral
granulomatous uveitis, in which the target
of the inflammatory reaction is located
within the choroidal stroma; making the
disease primary stromal choroiditis."”
While the increased choroidal thickness in
VKH disease might be related to inflam-

matory infiltration or increased exuda-

tion, the thickening in central serous
chorioretinopathy, which is characterised

© 2011 The Authors

by an idiopathic and mostly unilateral
serous retinal detachment in the posterior
pole,’ has been confirmed to be due to
choroidal vascular hyperpermeability.'*
While typically seen in patients with VKH
or-CSC, no leakage or hyperpenmeability
of choroidal stromal vessels is noted with
indocyanine green angiography in the
dcute  phase . of MEWDS;'*". however,
several studies™ of MEWDS patients have
reported focal segmental staining of chor-
oidal vessels and discrete nodular hyper-
fluorescent areas in the inner:choroid
with ICGA. Taken together, these findings
suggest that an inflammatory reaction
might also occur at the level of the
choroidal stroma in addition to the
choriocapillaris.

In most patients with MEWDS, recovery
of visual function occurs within several
weeks.” Interestingly, Patient 2, who had

Clinical and Experimental Optometry © 2011 Optometrists Association Australia

simvastatin - treatment, repo‘rtedf 4 more
rapid improvement in both symptoms and
visual acuity. Simvastatin belongs to the
class of cholesterol-lowering statins. It has
been proposed that statins have: anti-
inflammatory effects that are not directly
related to their cholesterol-owering activ-
ity.2#2 Although ant-inflarnmatory effects
of statins have not-been demonstrated in
inflarmmatory choroidal disease; the rapid
visual improvement in Patient 2 might bé
associated with simvastatin treatment:
Explaining why choroidal thickening
was observed even in the asymptomatic
opposite eyes in the present study is diffi-
cult (Figures 3A and 3B). A recent study”
observed that five of seven patients with
unilateral MEWDS manifested visual field
abniormalities in both- eyes, not just:the.
affected eyes, during the acute phase, sug-
gesting that visual dysfunction is bilateral

Clinical and Experimental Optomemny 95.2 March 2012
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Figure 3. Changes in subfoveal choroidal thickness (A and B) and central retinal thickness (C.and D) durmg the follow “up penod for
Patients 1 (A and C) and 2 (B and D).

In Patient 1, the subfoveal choroidal thickness at the initial visit (day zero, acute phase) in. the nght eye was 337 pm (A), markedly
decreased to 249 pim (day 133, convalescent phase) and was 243 m at the final visit (Day 345) (A). The thickness in the left eye
(asymptomatic opposite eye) also decreased from 277 pm (day zero) to 241 pm (day 345) (A). Similarly, in Patient 2, the subfoveal
choroidal thickness at the initial visit (day zero, acute phase) in the left eye was 440 jim (B) and markedly decreased to. 358 m at the
final visit (day 133, convalescent phase) (B). The thickness in the right eye (asymptomatic opposite eye) also decreased from 382 Hm
(day zero) to 331 pm (day 133) (B). No changes were noted in central retinal thickness for elther eye of Pauents 1 (C) or2 (D) during

the follow-up period.

in most patients. Given these present and
previous findings, the inflammatory reac-
tion in MEWDS might occur bilaterally
more often than unilaterally, even though
the condition is believed to be unilateral
in most patients.

In conclusion, this is the first report to
describe the relationship between sub-
foveal choroidal thickness and MEWDS.

We mnoted the previously unreported
finding that choroid thickness was greater
in the acute phase than in the convales-
cent phase in both eyes, not just the
affected eyes, suggesting that an inflamma-
tory reaction might occur in the choroidal
stroma in addition to the choriocapillaris.
Because our findings were derived from
only two patients, further study is needed
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to- determine ‘the presence of choroidal
thickéning in other patients with MEWDS.
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Abstract We investigated differences in color dis-
crimination between the fellow eye and the affected
eye successfully treated for unilateral age-related
macular degeneration (AMD) in a 69-year-old male
patient with protanopia. His best-corrected visual
acuity (BCVA) was 1.2 in the right eye (RE) and 0.2 in
the left eye (LE). Fundus and angiographic findings
showed classic choroidal neovascularization (CNV)
secondary to AMD in-the LE. BCVA of the LE
improved to 0.4, and CNV resolved by 15 months
after initiating combined anti-vascular endothelial
growth factor and photodynamic therapies. After
CNV closure, the Farnsworth dichotomous was. per-
formed, showing confusion patterns of the protan axis
in either eye. The Farnsworth-Munsell 100-hue test
showed a total error score of 520 in the LE, much
higher than the score of 348 in the RE. Complete
genotypes of the long-wavelength-sensitive (L.—) cone
and middle-wavelength-sensitive (M—) cone opsin
genes were determined by polymerase chain reaction,
revealing that the patient had a single 5" 1M 3’ hybrid
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gene (encoding an M-cone opsin), with this genotype
responsible for protanopia (the L-cone opsin gene was
non-functional), instead of the L-cone and M-cone
opsin gene arrays. Poorer color vision discrimination
in the LE than the RE remained present despite closure
of CNV. The presence and type of congenital color
vision defect can be confirmed  using  molecular
genetic testing even if complications of . acquired
retinal diseases such as AMD are identified.

Keywords = Age-related macular degeneration -
Choroidal neovascularization - Color vision defects -
Molecular genetics - Genetic analysis

Infroduction ;

Age-related macular degeneration (AMD) is the
leading cause of severe vision loss-in older adults in
developed countries. Recent studies have shown that
the combination of anti-vascular endothelial growth
tactor (VEGF) therapy - and- photodynamic. therapy
(PDT). is effective ;against choroidal neovasculariza-
tion (CNV) due to AMD [1]. Distance ‘visual acuity
assessment is the most commonly used method to
evaluate visual function-in AMD. patients, and few
reports have assessed color vision after treatment for
AMD. This is-due to the difficulty in adequately
evaluating color: discrimination-in AMD  patients
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>65 years of age, particularly as such patients often.

have diabetes in addition to senile cataracts.
Congenital color vision defects such as X-linked
recessively inherited and non-progressive disorders

are common [2], with an incidence of approximately
8% in Caucasian men and 5% in Japanese men. The
" follow—up,no persistent or recurrent CNV was identified

presence of congenital color vision defects cannot
therefore be ignored for assessing color vision in AMD
patients.

This report investigated differences in color dis-
crimination between the fellow eye and the affected
eye successfully treated for AMD in a
with protanopia (one type of dichromacy in congenital
color vision defects) diagnosed by molecular genetic
analysis.

Case report

This study was approved by the ‘institutional review
board of The Jikei University School of Medicine. The
protocol ‘adhered-to the tenets of the Declaration of
Helsinki, and mtormed consent was: obtdmed from the
patient. R -

- A 69-year-old man became aware of distorted vision
and loss of visual acuity in May 2007, and presented to
our department on August 16, 2007. The patient had
long history of smoking and a medical history of
diabetes mellitus, - hypertension, hyperlipidemia,
arthythmia and congenital color blindness. On- initial
evaluation, decimal best-corrected visual  acuity
(BCVA) was 1.2 in the right eye (RE) and 0.2 in the
left eye (LE). No abnormalities were found except mild
cataracts in the anterior segments and media of both
eyes. Intraocular pressure was 13 mmHg bilaterally.
Fundoscopy showed no notable abnormalities in the RE
(Fig. 1a), but a subfoveal grayish-yellow lesion with
subretinal hemorrhage in the LE (Fig. 1b). Fluorescein
angiography of the LE showed hyperfluorescence in the
foveal area due to leakage from predominantly classic
CNV secondary to'AMD (Fig. 1¢). Indocyanine green
angiography showed focal hyperfluorescence in the area
corresponding to the CNV. (Fig. 1d). Optical coherence
tomography (OCT) (OCT3 Stratus; Carl Zeiss Meditec
. AG, Dublin, CA, USA) showed the appearance of the
normal foveal ‘depression in the RE (Fig. 1e), and
confirmed-the presence of subfoveal CNV-in the LE
(Fig. 1f). The patient underwent verteporfin (Visu=
dyne®; Novartis AG, Billach, Switzerland) PDT

@ Springer

male patient’

Int Ophthalmol (2011) 31:471-475

2 weeks after the first visit. Three months later,

combined therapy comprising Verteporﬁn PDT and
intravitreal injection of bevacizumab (Avastin®,
1.25 mg/0.05 ml; Genentech, South San Francisco,

+CA, USA), a non-selective VEGF  inhibitor,  was

initiated to treat. persistent CNV. At the 3-month

on angiography or OCT. BCVA of the LE improved to
0.4 and CNV resolved (Fig. 1g) by 15 months after
starting combined therapy. Atthis time, color vision was
assessed monoulldrly ‘using the desworth chhoto- :
mous Test (panel D-15) and the desworth Munsell
100-hue (F-M 100-hue) test. The result for pdnel D-15
showed confusion patterns of the protan axis in both LE
(Fig. 2a) and RE (Fig. 2b). The F-M 100-hue test

~ revealed a total error score (TES) of 520 in the LE

(Fig. 2c), much higher than the score of 348 in the RE
(Fig. 2d). Regarding orientation axes, the RE indicated
a significant red—green axis, whereas the LE indicated
both red—green and blue—yellow axes.

For molecular genetic analysis, genomic DNA was

~ isolated from whole blood. Genotype of “the long=

wavelength-sensitive (L) cone and  middle-wave-
length-sensitive (M) cone opsin genes was completely
determined by polymerase chain reaction and
sequencing as previously reported [2-4]. In normal
male trichromats, L- and M-opsin genes are arranged
in a head-to-tandem array (Fig. 3) on the X chromo-
some, whereas this patient showed a single 5' L-M 3’
hybrid gene (encoding an M opsin) (Fig. 3) with the
genotype responsible for protanopia [2]. The L—opsm
gene was thus non-functioning in this pdtlent

Discussion

Determining which type of ‘congenital color vision
defects is present in elderly patients is' difficult using
standard color vision tests alone, as aging, cataracts ‘
and age-related maculopathy all affect color discrim-
ination. In fact, our patient had senile cataracts,
diabetes and unilateral AMD in addition to congemtdl
color vision defects.

Previous studies have shown that TES for the F- M
100 hue test is significantly higher in elderly subjects
than in younger subjects [5, 6]. Diabetic patients with
minimal or even no diabetic retinopathy also show
significantly higher mean TES for the F-M 100 hue
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Fig. 1 Images from fundoscopy (a, b), mid-phase fluorescein
angiography (FA) (c), mid-phase indocyanine green angiogra-
phy (ICGA) (d) and optical coherence tomography (OCT) (e, f,
g) in the patient. Fundoscopy shows no notable abnormalities in
the right eye (a), but a subfoveal grayish-yellow lesion with
subretinal hemorrhage in the left eye (b). FA of the left eye
shows hyperfluorescence in the foveal area due to leakage from

test than age-matched normal controls [’?,8]. Those
studies have identified increased lens density, aging
and diabetes as factors affecting color discrimination.

predominantly classic choroidal neovascularization (CNV) (c).
ICGA of the left eye shows focal hyperfluorescence in the area
corresponding to the CNV (d). OCT shows the appearance of the
normal foveal depression in the right eye (e), subfoveal CNV in
the left eye (f), and the resolved CNV (g) in the left eye at
15 months after starting combined therapy

We have already identified genotype-phenotype
correlations in male subjects with congenital color
vision defects [2, 9]. In the present patient, the type of
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Fig. 2 Results of the
Farnsworth Dichotomous
Test (Panel D-15) test (a, b),.
the Farnsworth-Munsell
100-hue (F-M 100-hue) test
(c, d). Panel D-15 results
show confusion patterns of
the protan axis in the left
(a) and right eyes (b). F-M
100-hue results show total
error scores of 520 in the left
eye (c) and 348 in the right
eyc (d) i :

M opsm gene

il 3&?

k 'Sfér o Ala
5 L~M3 ‘hybné gene

Patfent 5

: Sérbr’ Alaat 'cedoa 180

Fig. 3 Genotypc of the L— and M—opsm gene array. In normal;i ';-,
male trichromats (Normdl) L- and M-opsin genes are ammged', .
in a head-to-tandem 2 array on the X chromosome whereas thlS; :
patient shows a single'5' L-M 3/ hybrid gene (encoding an M

opsin), with this genotype being responsible for protanopia

congenital color vision defects was diagnosed as
protanopia by molecular genetic analysis (Fig. 3).

‘When color discrimination was compared between the.

fellow eye and the affected eye, conditions (age, senile
cataracts, diabetes and protanopia) were equivalent
between eyes. Results of the F-M 100-hue test
revealed poorer color discrimination in the LE
(Fig. 2¢) than in the RE (Fig. 2d). Differences in
color discrimination between the eyes were attributed

@ Springer
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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 Poﬁuguese 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 (FAT),
and spectral domain optical coherence tomography (SD-
OCT). Fullfield 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 cyst01d chdnges that had no
tluorescein leakdge The posterior pole showed - diﬁusely
increased autofluorescence compared with eccentric areas
in both eyes. Intemational—staudard‘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 homozygoiis mutation (p.C83Y),
which resides in the su,ond zinc finger of the DNA-binding
domain.

Conclusions This hbmozygous mutation is likely to
affect binding to target DNA sites, resulting in 4 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-eone hypelsensmvxty in eleetrophysmlo—
gical testing; this condmon was designated enhanced S-cone
syndrome, (ESCS). The ESCS has an. autosomal recessive

inheritance pattern .md is charz dctenzed by hypersensmvny to

short deelength ﬂdshes w1th 4 concomitant decreased rod
and L and M cone: response [1-3].

Ove1 ten mutdtlons ofthe NR2E3 gene have been 1dent1ﬁed‘

in Emopean pdtlents w1th ESCS [4] Thxs _gene encodes a
photoreceptor-specific nuclear receptor It consists of eight

exons. mapped on chromosome 15q24 [5] Funcuonally,‘
NR2E3 protein . wguldtes the proper. dxfferentunon dnd‘

mdturduon of’ rod and cone photoreceptors [6—10] To ddle,
more than 30 mutations in the NR2E3 gene have been
described not only in ESCS [4, 11-15] but also in Goldmdnn——
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 dnseases
are likely to be one clinical entity, being the (xFS 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 typu,al phenotype

Materxials and methods
Clinical‘ studies

Ophthalmic examination included best-corrected visual
acuity (BCVA), slit-lamp and dilated fundus observation,

@ -Springer

Goldmann kinetic penmetry, ; chlommc 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 Specudl-domdm OCT Heidelberg Engineer-
ing, Heldelberg, Germany). The SD-OCT was taken horizon-
tally through the fovea (trdnsverse width of 20°). Dark
adaptometry was performed based on the Goldman-Weeker
adaptometel Briefly, the patlent was pre-adapted under
photopic conditions (30 cd/m?) for 5 min. The dalk‘
adaptation char: dcten\snc was then assessed by measuring
detection thresholds undex scotopic conditions over a 30-min.
period.

Eleetlophysmloglcdl ‘evaluation included full—fleld
eleetroxetmogrdms (ERG) using a Ganzfeld dome, long
duration ON-OFF ERG, S—cone ERG Electro-oculogram
(EOG), 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 cd/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®
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vision monitor (Pérenchies, France). For the ON-OFF
ERG and the S-cone ERG, an additional external led
stimulator was used (CH electronics).

Molecular geneﬁc ‘studies

The protocol adhered to the Declaration of Helsinki, and
informed consent was obtained from the participant.
Genetic analysis was pcrf();med 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 (1) and lefi 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) shiow.a
ditfusely increased auto
tluorescence (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 night (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 afler inquiry, he denied nyctalopia. His BCVA was 0.5 in
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Fig. 2 Goldmann perumetry
shows decreased central
sensitivity with constriction of
the I/2e and/or 1/3¢ isopters

(a 1/2e: 10° of fixation in the
right and b 3e: 20° of fixation
in the left), but normal
peripheral visual tields

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 mdcular lesions (F1g lc, d) FAI

showed diffusely increased. F ove
associated with. the vascular
both eyes. More ‘eccentri
comparison. Pdl‘dfOVedly
in the left eye compar :
The SD-OCT i 1mdoes “confi med

Func-tlonal evaluanon

(,olor vision testmg (hd not demonstrate 4 preferred axis of o
chromatic confusion, Wlth 100 and 186 error scores in the right
and left eye respecnvely on the Farmsworth 100-hue. The CCS
thresholds were within normal limits ‘Goldmann perimetry
tivity with constric-
tion of the /2 and/or /3¢ 1sopters (I/3e 20° of fixation in the -

revealed bllatemlly deuedse |

left and 1/2e: 10° of fixation in the right). However, there was

no constriction of the - VlSlel ﬂelds (Fig. 2). The dark

dddptometty ‘curve showed a mon ”phasu, pattern  with
elevated cone threshold without the characteristic decrease

that is attributed to rod funcnon in normal individuals (Fig.3).-
Electrodiagnostic tests 1evedled ‘characteustlc patterns

for ESCS. Scotopic dim flash rod E G were undetectdble

The waveforms of" eombmed (rod-plus»cone) responses
were similar to those of the photopic responses. Flicker - :
. the single flash cone

he E f specific chromatic -

stimulation showed that most of the ERG Tesponses were:
ERG were delayed,
simplified, and resemble the single flash cone ERG

ERGs of 30-Hz were smgller” he
a

arising: from S—cone systems S-c

(Fig. 5). The ON-OFF _responses with 200-ms orange
stimulation, which 2 are ongm ed from the L/M cones [23],

were markedly decreased in the patient, indicating minimal
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the right eye (Fig. le, ).  mut
g presence of macular o
schisis w1t11 cystmd chdnges in both mdculd,e (F1g 1g, h).

responses’ to L/M cone btnnulatxon (Flg 5) The OFF L/M,
cones response was absent.
The EOG light rise 'was detected W1th a reductlon 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
tions (Fig. 6). :

netic findings

nalysis identified a novel homozygous
xon 3. This mutation leads to'the substitution
fora guanine base (L 248G>A) At the pzotelc
ses the :substltutlon of a tyrosme fora cystcme‘
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tometry curve of the patient (upper panel) shows a
rn without the characteristic decline attributed to rod
fum.tlon (arrow) that is seen in normal individuals (lower pancl)
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Fig. 4 Full-field electroretinograms (EI\Gs) of the pdtlent 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 similat. 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 ﬁmctxondlly 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.hgrad.cfacuk/); and

of the Leiden Open Variation Database (http:/www.lovd.: nlf)
[20].

Discussion -

In this stady, 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 hlghly Lonserved
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 furst cysteine
residue of the second zinc finger (Cys83 to Cys103)[19].

‘Tlme {msec) Time (msec)

aimost 20 ms when compared to the normal subject. Delayed 30-Hz
Aflicker ERG (LA 3.0 flicker), with lower amplitude than the single-
flash photopic a-wave are also detected
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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 comphance
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Fig. 6 Multifocal ERG. The.
analysis of the central response
and four concentric rings are. |
shown in a. Amplitudes and
implicit time are compared with
a database of normal subjects in
b. There is an increase in the
latency and a decrease in the
amplitude of the N1 and P1
components in all the analyzed
responses, even-in the most
central (Z1)
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The D-box, a short loop with six amino acid residues’
between the first cysteine (Cys83) and second cysteine
Exon 3 (Cys90). of  the second zinc finger [5], is important for
' codon 82 83 84 homodimerization of NR2E3 to be functionally- active,
suggesting that Cys83 is an important amino acid. In vitro

Tyr

Gtﬁ

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 pdtlcnt (a/ T0W), remltmu in 4 new homozygous missense mutation
(Cys83Tyr) in the DNA- bmdmg domain of NR2E3-protein. b Amimo
acid alignment of the DNA binding domain of the human NR2E3
protein. The Cysteine residue at position: 83 within’ the second' zine:
finiger motif (arrow)'is highly conserved among orthologs of human
NR2E3. hs:' Homo supiens' (haman); mm: Mus musculus (mouse); gg:

Gullis gullus (chicken); xt: Xenopus Zropzcahs (xenopus), dr Danio
rerio (zebrafish)

& Springer

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 mull 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 degénerative 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 patienis. Based on
these findings, it was concluded that these two diseases are



Graefes Arch Clin Exp Ophthalmol (2011) 249:201-208

207

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 BESCS 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, 33], 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 Pl 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 nutation (p.C83Y) in the
NR2ZE3 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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