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Objective: To report the optical coherence tomography (OCT) findings in eyes with vitreomacular traction

(VMT) or with an epiretinal membrane (ERM).
Design: Retrospective case series.
Participants:

VMT or idiopathic ERM were studied.
Methods:

Fifty-four eyes of 45 consecutive patients with subjective visual disturbances resulting from

The morphologic features of the photoreceptor layer at the foveal center were determined and the

central foveal thickness (CFT) was measured by spectral-domain (SD) OCT.

Main Outcome Measures:
Results:

The morphologic characteristics of the foveal region observed by SD OCT.
A roundish or diffuse highly reflective region was observed between the photoreceptor inner

segment/outer segment junction line and the cone outer segment tip line at the center of the fovea. This highly
reflective region was present in 7 of 7 cases of VMT and 30 of 47 cases of ERM. In the ERM cases, the mean
CFT of the cases with the highly reflective region was significantly thicker than that in cases without it. The highly
reflective region disappeared when the inward traction on the fovea was released surgically or spontaneously.

Conclusions: The highly reflective region is a characteristic sign observed in the OCT images of eyes with
VMT and ERM, and it has been termed the cotton ball sign after its appearance. The presence of the cotton ball
sign indicates an inward traction on the fovea and may be a predictor of visual impairment.
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IS

Vitreomacular tractions (VMTs) and epiretinal membranes
(ERMs) cause morphologic distortions of the retinal surface
and lead to functional changes such as metamorphopsia and
decreased visual acuity.'=* Surgical removal of the VMT or
ERM is effective in restoring good visual function. Similar
recovery 1s obtained when the traction is released
spontaneously.

Optical coherence tomography (OCT) has shown that a
vertical or tangential traction of the retina causes wrinkling
of the internal limiting membrane, flattening of the foveal
pit, and intraretinal cystic changes.s‘31 Moreover, recent
spectral-domain (SD) OCT has shown that eyes with VMT
and ERM have structural abnormalities of the photorecep-
tors at the fovea, for example, loss of the photoreceptor
inner/outer segment (IS/OS) junction line.'*"*” The abnor-
malities in the IS/OS junction line were correlated signifi-
cantly with poorer visual function; however, the relation-
ship between these abnormal OCT findings and the foveal
traction has not been determined definitively. The SD OCT
studies have shown a roundish or diffuse highly reflective
region at the center of the fovea in all of the cases of VMT
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and in cases of ERM with increased central foveal thickness
(CFT). The authors named this highly reflective region the
cotton ball sign, after its appearance.

The aim of this study was to determine the characteristics
and correlations of this abnormal sign in the OCT images
and the retinal physiologic features. This study showed that
the cotton ball sign disappeared when the foveal traction
was released surgically or spontaneously. The presence of
the cotton ball sign is good evidence that there is inward
traction on the photoreceptors.

Patients and Methods

This was a retrospective case series performed in the Department
of Ophthalmology, National Tokyo Medical Center, Tokyo, Japan.
Informed consent was obtained from all of the subjects for the tests
after an explanation of the procedures to be used. The procedures
used adhered to the tenets of the Declaration of Helsinki, and
approval to perform this study was obtained from the Review
Board/Ethics Committee of the National Tokyo Medical Center.
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Figure 1. Optical coherence tomography (OCT) images of eyes with vitreomacular traction (VMT) with the foveal images magnified on the right. Fundus
images on the left indicate the location of the OCT scans. A, Normal control OCT image from a 22-year-old woman. Quter retinal structures with high
reflectivity are indicated by arrows: external limiting membrane (ELM), photoreceptor inner segment/outer segment (IS/OS) junction, cone outer segment
tip (COST) line, and retinal pigment epithelium (RPE). The foveal bulge is indicated by an asterisk. The central foveal thickness is measured as the
distance between the inner retinal surface and inner border of the RPE (white arrow). B, Optical coherence tomography images of eyes with VMT. The
border of the posterior vitreous is indicated by arrowheads. The roundish highly reflective region between IS/OS junction line and COST line is the cotton
ball sign and is identified by a white arrow in case 1. C, Two eyes with VMT hefore and 6 months after vitrectomy. In both cases, the vitreous traction

was released and the cotton ball sign was not present after the surgery.

Inclusion and Exclusion Criteria

Fifty-four eyes of 45 patients (average age, 69.0%9.2 years; range,
3485 years) with subjective visual disturbances resulting from
VMT or idiopathic ERM were studied. The patients were exam-
ined between October 2009 and January 2011; 7 eyes had VMT
and 47 eyes had ERM (Table 1, available at http://aaojournal.org).
A VMT was defined as a vitreomacular adhesion at the foveal
region without an apparent ERM over the entire macular region.
All of the cases with VMT were focal VMT, according to the
definition of Koizumi et al.!! The exclusion criteria were: (1)
eyes with a history of retinal inflammatory or vascular diseases,
such as branch vein occlusion, uveitis, and retinal detachment;
(2) eyes with advanced lens opacification or any other ocular
diseases that could cause visual disturbances; (3) eyes with
strong vitreal traction on the retina that led to either lamellar or
pseudomacular holes; (4) eyes in which the center of the fovea
could not be determined in the OCT images because of a lack
of a bulge-like structure of the IS/OS junction line at the
fovea'®; and (5) cases whose OCT image did not have enough
signal intensity for evaluation, that is, average intensity of the
OCT signal less than 8/10.

All patients underwent a complete ophthalmologic examina-
tion, including best-corrected visual acuity using a Landolt C
chart, biomicroscopy of the fundus, fundus photography, and
OCT.
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Optical Coherence Tomography

The OCT images were obtained with SD OCT (Cirrus HD-OCT,
versions 4.5 and 5.1; Carl Zeiss Meditec, Dublin, CA). After
dilatation of the pupil, patients were asked to fixate on a target, and
5-line scans with 4 averages were performed both horizontally
(length, 9.0 mm) and vertically (length, 6.0 mm). The distance
between each scan line was set to be 0.075 mm. or, in some cases,
0.025 mm, to determine the location of foveal bulge. The foveal
bulge is a dome-shaped structure of the IS/OS junction line cor-
responding to the foveal center (Fig 1A, asterisk). If the foveal
bulge could not be obtained by the point of fixation, the location of
the scan line was shifted and the OCT images were taken repeat-
edly until the foveal bulge was present in the image.

The CFT was defined as the distance between inner retinal
surface and inner border of retinal pigment epithelium (RPE; Fig
1A) and was measured with the built-in scale of the OCT system.
The diameter of the highly reflective region was measured in one
of the scanned profiles that showed the maximum diameter of the
region. For patients who underwent vitrectomy, the OCT images
were recorded 6 months after the surgery.

Vitrectomy for Vitreomacular Traction and
Epiretinal Membranes

Two of 7 eyes with VMT and 18 of 47 eyes with an ERM
underwent 23- or 25-gauge 3-port vitrectomy by 2 experienced
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Figure 2. Optical coherence tomography (OCT) images of eyes with an epiretinal membrane (ERM) with the foveal area magnified (vight). Fundus
photographs (left) indicate the location of OCT scans. A, Optical coherence tomography images of eyes with an ERM. The roundish highly reflective
region between inner segment/outer segment junction line and cone outer segment tip line is the cotton ball sign and is identified by a white arrow in case
25. B, Optical coherence tomography images of eyes with an ERM before and 6 months after vitrectomy. In cases 39, 43, and 44, the cotton ball sign
disappeared after surgery. In cases 40 and 41, the cotton ball sign did not disappear, but became more indistinct after the surgery. In case 42, the cotton
ball sign was still observed clearly after the surgery. The highly reflective region in cases 25, 40, and 41 appeared roundish, but that in cases 31, 43, and

44 appeared indistinct and diffuse.

surgeons (K.A. and K.W.). During the vitrectomy, a posterior
hyaloid detachment was made, and the ERM was removed. The
internal limiting membrane was peeled with forceps in all cases.
Phacoemulsification with intraocular lens implantation was per-
formed during the same surgery in 17 of the 20 eyes.

Statistical Analysis

Student 7 tests were performed to compare the CFT with the
presence of the highly reflective region in cases of ERM before

and after surgery. Statistical analysis was performed using Mi-
crosoft Office Excel 2007 (Microsoft, Redmond, WA). P values
<0.05 were taken as statistically significant.

Results

The outer retinal structures detected in the OCT image of normal
retinas consisted of (1) the external limiting membrane, (2) the
IS/OS junction line, (3) the cone outer segment tip (COST) line,
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Table 2. Cotton Ball Sign and Central Foveal Thickness

Central Foveal Thickness

(pm)
Cotton Ball Sign Mean Standard Deviation P

VMT (n=17) Observed 252.0 87.1
ERM before surgery (n = 47) Not observed (n = 17) 289.3 96.0 0.0000076*

Observed (n = 30) 445.7 102.2

Total (n = 47) 389.1 124.7 )
ERM after surgery (n = 16) Disappeared (n = 8) 300.0 28.6 0.00033"

Not disappeared (n = 8) 423.3 59.0

ERM = epiretinal membrane; VMT= vitreomacular traction.

#t test between ERM with and without cotton ball sign.

Pt test between ERM with and without the disappearance of cotton ball sign after vitrectomy.

(4) the RPE, and (5) the foveal bulge, which is a dome-like
structure of the external limiting membrane and IS/OS junction
line caused by an elongation of the cone outer segments at the
fovea (Fig 1A).45-20

A highly reflective region was present in all of the eyes with
VMT (Table 1, available at http://aaojournal.org). The OCT im-
ages of 6 VMT cases without (Fig 1B) or with (Fig 1C) vitrectomy
are shown with the foveal images magnified. In all the cases, a
separation of the vitreous from the retina occurred except in the
limited region around the center of the fovea (Fig 1A, B, arrow-
heads), and the foveal center was pulled toward the vitreous cavity.
In case 1, a roundish, highly reflective region resembling a cotton
ball can be seen between the IS/OS junction line and COST line at
the center of the fovea. The COST line can be seen to be pulled
inward just below the highly reflective region and is separated
from the RPE (Fig 1B, case 1, white arrow). Similar findings were
observed in cases 2 and 6. In all of the other cases (cases 3, 4, and
7), the highly reflective region was observed at the same location,
but its borders were more indistinct than in cases 1, 2, and 6. Two
of the eyes with VMT underwent vitrectomy, and the highly
reflective region could not be observed in the OCT image obtained
6 months after the vitrectomy (Table 1, available at http://aaojournal.
org; Fig. 1C).

The SD OCT examinations of the 47 eyes with an ERM
showed that the highly reflective region was present in 30 eyes
(63.8%; Table 1, available at hitp://aacjournal.org). The OCT
images of 8 ERM cases without (Fig 2A) or with (Fig 2B)
treatment are shown with the foveal images magnified. In all the
cases, the epiretinal membrane covered the entire macular region,
and the tangential traction elevated the retinal surface at the fovea,
leading to a loss of the foveal pit. In case 25, the highly reflective
region was observed between the IS/OS junction line and COST
line at the center of the fovea (Fig 2A, case 25, white arrow). As
in the eyes with VMT, the COST line was pulled inward just below
the highly reflective region and was separated from the RPE. The
highly reflective region was observed at the same location in all
eyes. The regions appeared roundish in some cases (e.g., cases 25,
40, and 41) and indistinct and diffuse in other cases (e.g., cases 31,
43, and 44).

Vitrectomy was performed on 16 eyes with an ERM, and 6
months after surgery, the highly reflective region was not observed
in 8 cases, became smaller and more indistinct in 2 cases, or could
still be observed in 6 cases (Table 1, available at http://aaojournal.
org; Fig 2B).

The diameter of the highly reflective region varied from 96 to
180 pwm with a mean 130.4%£36.4 um in the eyes with a VMT and
from 80 to 288 wm with a mean of 172.7+65.8 um in eyes with
an ERM. The highly reflective region was always present between
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the IS/OS junction and COST lines, except for case 41, where the
IS/OS junction line was disrupted at the foveal center and the
round, highly reflective region penetrated into the outer nuclear
layer (Fig 2B).

The mean CFT was 252.0+87.1 um in eyes with VMT and
389.1+124.7 pwm in eyes with an ERM (Table 2). For the 47 eyes
with an ERM, the mean CFT of the eyes with the highly reflective
region was 445.7+102.2 pm, which was significantly thicker than
that in eyes without the highly reflective region at 289+96.0 wm.
For the 16 eyes with an ERM for which vitrectomy was performed,
the CFT was measured 6 months after surgery. The mean CFT of
the 8 eyes in which the highly reflective region did not disappear
was 423.3%59.0 wm, which was significantly thicker than that in
the 8 eyes in which the highly reflective region disappeared at
300.0=28.6 pm.

In one case (case 5) with a spontaneous vitreous detachment,
there was a recovery of the microstructural damage of the photo-
receptor layer in the OCT images. Case 5 was a 34-year-old
woman who had a sudden decrease of her vision together with
floaters in her right eye (Table 1, available at hitp://aaojournal.org;
Fig 3). Her best-corrected visual acuity was 0.6 in the right eye and
1.2 in the left eye. She was referred to the authors’ hospital 10 days
after the onset of her symptoms, and fundus biomicroscopic ex-
amination showed that a thick posterior hyaloid membrane was
detached from the posterior pole in her right eye. In the OCT
image, there was a clear, highly reflective region, although the
vitreomacular traction had been released (Fig 3A). Moreover, the
photoreceptor IS/OS junction line seemed to be pulled inward at
the foveal center, and there was a local defect of the COST line just
beneath the highly reflective region (Fig 3A, white arrow). In the
OCT image obtained 30 days after the onset, the highly reflective
region was not present, and the photoreceptor structures, including
the IS/OS junction and COST lines, appeared normal (Fig 3B,
white arrow). The visual acuity also recovered to 1.0 at that time.

Discussion

The SD OCT findings showed that all eyes (n = 7) with
VMT and 63.8% of the eyes (30/47) with an ERM have a
highly reflective region at the center of the fovea. This
region can be roundish in some cases or diffuse and indis-
tinct in other cases, and it was always located between the
IS/OS junction and COST lines. This area was termed the
cotton ball sign after its appearance. Related articles were
searched for in PubMed with the following terms: vitreo-
macular traction, epiretinal membrane, and optical coher-
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A Case 5, 10 days after spontaneous vitreous detachment

Figure 3. Optical coherence tomography (OCT) images of eyes with vitreomacular traction (case 5) in which a posterior vitreous detachment occurred
spontaneously without surgery. Five horizontal OCT scans were obtained with an interscan distance of 20 um. Five sequential profiles of the foveal region
are aligned at the bottom, covering the central region of 80 pum of the fovea. A, Optical coherence tomography image obtained 10 days after spontaneous
vitreous detachment. A round, highly reflective region (cotton ball sign) is present between the inner segment/outer segment (IS/OS) junction and cone
outer segment tip (COST) lines at the foveal center. The center of IS/OS junction line is pulled inward and appears protruded compared with that in
a normal OCT image (Fig 1A). The COST line is disrupted just below the highly reflective region (white arrow). B, Optical coherence tomography image
obtained 30 days after the spontaneous vitreous detachment. The cotton ball sign is not present. The protrusion of IS/OS junction line is not distinct,
and the COST line is continuous over the entire foveal region (white arrow). ELM = external limiting membrane; RPE = retinal pigment epithelium.

ence tomography. These articles were read, and none of
them describes the same feature.

Even with the improved OCT instruments with higher
spatial resolution, the region easily can be missed if the
scanned lines do not pass through the foveal center, the
intensity of the OCT signal is not strong enough, or both.

Three-dimensional volume scans do not have enough tra-
verse resolution, so OCT should be made with multiple
scans with the highest resolution available. The mean di-
ameter of the highly reflective region varied from 96 to 180
pm with a mean of 130.436.4 um in the eyes with VMT
and from 80 to 288 pum with a mean of 172.7%65.8 um in
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eyes with an ERM. This means that the distance between
each scan line should be set to less than 75 pm in the Cirrus
HD-OCT. For example, the consecutive OCT images of
case 5 were obtained with 5-line scans with a distance
between the scans of 20 um (Fig 3A, bottom). Moreover,
because the fixation point is sometimes shifted upward in
cases of longstanding ERM, the OCT scan should be re-
peated until the true center of the fovea is scanned.

The cotton ball sign in the OCT images seemed to be
strongly correlated with the inward traction on the retina. In
eyes with VMT, local adhesions between the vitreous and
retinal surface causes strong and direct inward traction over
the entire depth of the foveal pit.'*!S However, an ERM
causes a tangential shrinkage of the retinal surface, and this
leads to an inward retinal displacement of the fovea, regard-
less of the existence of a posterior vitreous detachment. This
continuous tension also affects the photoreceptor layer,
leading to mechanical damage of the photoreceptors and
deterioration of visual function.'*%1 In this study, in eyes
with VMT in which direct vitreous traction was present at
the fovea, the cotton ball sign was always observed, al-
though there was no apparent inward displacement of the
fovea in cases 1 through 5 (Figs 1 and 3) and the CFT was
normal, except in cases 6 and 7 (Table 1, available at
http://aaojournal.org). In the eyes with an ERM, the mean
CFT of the cases with the cotton ball sign was significantly
thicker than that in eyes without the cotton ball sign (Table
2). These findings indicate that the continuous inward trac-
tion by the ERM was the cause of the cotton ball sign. In 8
of 16 cases that underwent vitrectomy, the cotton ball sign
disappeared within 6 months and the CFT was significantly
thinner than that in eyes where the cotton ball sign did not
disappear. This indicated that disappearance of the highly
reflective region was not the result of the removal of the
ERM, but was most likely the result of the release of inward
traction. It is notable that in cases where the cotton ball sign
disappeared after surgery, the foveal pit reappeared because
of release of inward traction (Fig 2B, cases 39, 43, and 44).
However, in cases where the cotton ball sign did not disap-
pear, the foveal area was still flat or even convex (Fig 2B,
cases 40, 41, and 42). These highly reflective regions were
observed only at the foveal center, even in cases where the
entire macular region was thickened because of the ERM.
There are 2 possible reasons for why the cotton ball sign is
observed only at the foveal center in the ERM eyes. First, in
cases in which the internal limiting membrane became flat
because of the tangential traction by the ERM, the inward
traction could be applied most strongly to the photorecep-
tors at the foveal center because of the presence of the
foveal pit. Second, the cone photoreceptors at the fovea
have an elongated shape and their diameter is much smaller
than those at the parafoveal region. This characteristic an-
atomic structure makes them more susceptible to the minute
structural changes that may lead to the increased reflectivity
in the OCT.

An ERM usually is associated with macular edema and
reduced reflectivity resulting from fluid accumulation; how-
ever, an increase in the reflectivity is observed rarely. Then
the question arises on why the inward traction affected the
reflectivity of the foveal center in the OCT images? The
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highly reflective region was always located between the
IS/OS junction and COST lines. This region corresponds to
the outer segment of cone photoreceptors, whose reflectivity
is usually low. The photoreceptor outer segments (OSs)
contain stacks of membranous discs that are rich in visual
pigments, and the OSs are aligned parallel to the light
pathway. The authors suggest that the inward traction on the
retina changes the alignment of the OSs, which then in-
creases their reflectivity. Directional reflectivity is known to
exist in the retinal nerve fiber layer®'** and Henle’s fiber
layer.?® Recently, Lujan et al?>* successfully distinguished
Henle’s fiber layer from the true outer nuclear layer by
varying the angular incidence of the OCT beam on the
retinal plane. The photoreceptor OSs are long cylindrical
structures whose reflectivity may depend on the angular
incidence of the OCT beam.

The second hypothesis for the highly reflective region is
that the continuous inward traction causes microstructural
damages to the cone OSs, leading to glial migration, glial
scar formation, and photoreceptor degeneration.?* However,
it is not likely that these changes could be reversible and,
particularly in case 5, would completely recover within 30
days after the release of mechanical traction (Fig 3, case 5).

The exact mechanism causing the highly reflective re-
gion was not determined, but there is very little possibility
that this highly reflectivity region is an optical artifact,
because it appeared when inward traction was forced to the
outer retina, regardless of the existence of an ERM, and
disappeared when the traction was released.

The cotton ball sign was present, despite good vision in
the patients; 4 of 7 eyes with VMT and 9 of 30 eyes with an
ERM with the cotton ball sign had best-corrected visual
acuity of 0.8 or better (Table 1, available at http://aacjournal.
org). This means that the cotton ball sign does not neces-
sarily indicate a decrease in visual acuity, and it may be
used as a predictor of visual impairment that would arise
after longstanding inward traction at the fovea. Continuous
foveal traction is known to cause microstructural damages
in the photoreceptor layer,'?”'® and early detection of this
sign may help in the management of these patients in
preserving good vision.
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Selective Abnormality of Cone Outer
Segment Tip Line in Acufte Zonal Occult
Outer Retinopathy as Observed

by Spectral-Domain Optical

Coherence Tomography

ptical coherence tomography (OCT) plays

an important role in the diagnosis of retinal

diseases with minimal ophthalmoscopic
changes. For example, in eyes with acute zonal occult
outer retinopathy (AZOOR),'* an abnormality of the
photoreceptor inner segment—outer segment (IS/0S)
junction found by OCT was spatially correlated with
the region of visual field defect. Recent high-resolution
spectral-domain OCT images have shown a thin line
between the IS/OS junction and the retinal pigment epi-
thelium. This line has been identified as the cone OS tip
(COST) line.’ However, the pathophysiological inter-
pretation of its appearance has not been established,
and the diagnostic value of the COST line has yet to be
determined.

We report 2 cases of AZOOR, both of which showed
acute central scotoma with an enlarged blind spot. The
ophthalmoscopic and angiographic changes were mini-
mal, but electroretinography (ERG) revealed reduced
responses in the affected regions. In both cases, the
1$/0S junction on the OCT image was normal, but the
COST line was not present or appeared indistinct in the
region of visual field defect. Our findings suggest that
the COST line may be an early indicator of cone photo-
receptor dysfunction in eyes with minimal ophthalmo-
scopic abnormalities. ‘

Report of Cases. Patient 1 (a 24-year-old woman) and
patient 2 (a 28-year-old woman) both had sudden uni-

lateral visual disturbances following photopsia. The vi-
sual acuities were 0.02 OD and 1.5 OS in patient 1 and
0.15 0D and 1.5 OS in patient 2. Goldmann kinetic pe-
rimetry revealed a blind spot enlargement and central sco-
toma in the right eye of both patients (Figure T and
Figure 2). The anterior segment and fundus were nor-
mal; however, fluorescein angiography showed a slightly
mottled hyperfluorescence around the macula in the af-
fected eye of both patients. The full-field scotopic ERGs
were normal, but there were phase delays in the phot-
opic 30-Hz ERGs in the affected eyes: 5.7 milliseconds
in patient 1 and 8.0 milliseconds in patient 2. In addi-
tion, the amplitudes of the photopic b-waves were re-
duced in both patients. The focal macular ERGs (ER80;
Kowa Co, Tokyo, Japan, and Mayo Co, Nagoya, Japan)
in the central 15° were almost flat in the affected eye in
both patients. Neither patient had systemic disorders such
as viral infections or autoimmune diseases.

Spectral-domain OCT (Carl Zeiss Meditec, Dublin,
California) showed the IS/OS junction clearly, even in
the region of the scotoma. However, the COST line was
not detected in patient 1 and appeared indistinct in pa-
tient 2 (Figure 1 andFigure 2). Moreover, the bulgelike
structure of the IS/OS junction at the fovea (with the fo-
veal bulge indicating a domelike appearance of the 1S/0OS
junction due to an elongated cone OS at the fovea)” could
not be observed in the affected eyes. The visual distur-
bances of these patients did not recover, and these ab-
normalities in the OCT images were observed at all ex-
aminations for 50 months in patient 1 and 18 months in
patient 2 after the onset.

Comment. To our knowledge, this is the first report of
AZOOR where the boundary of the 1S/0S junction in the
OCT images was well preserved but the COST line was
absent or indistinct from the initial examination through
the entire follow-up period. Earlier studies demon-
strated that a loss or irregularity of the IS/OS junction
observed by OCT corresponded well with the visual field
defects even at the early stages of AZOOR,*” and the ab-
normality in the IS/OS junction can improve following
recovery of the scotoma. These findings have led to the
hypothesis that photoreceptor OS dysfunction is the pri-
mary lesion in AZOOR.

The COST line corresponds to the junction between
the photoreceptor tips and the apical processes of the reti-
nal pigment epithelium, where photoreceptor OS disc
membranes are continuously shed for renewal.® Thus, the
appearance of the COST line may reflect the normal func-
tion of the photoreceptor OSs more closely than the IS/OS
junction. In fact, in all of the AZOOR cases we have re-
cently examined, the COST line was always absent in the
region of IS/OS abnormalities, suggesting that the ab-
normality of the COST line may precede that of the 1S/0S
junction. In our 2 cases, the fundus appeared normal and
the IS/OS junction was clearly observed in the region of
the COST line abnormality for 50 and 18 months after
the onset. The focal macular ERGs, however, were mark-
edly reduced in the affected areas. In the OCT images,
the cone photoreceptor dysfunction corresponding to the
region of scotoma could be detected only by the abnor-
mality of the COST line.
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Figure 1. Findings in patient 1. A, Fundus photograph of the right eye showing a normal appearance. B, Goldmann kinetic perimetry showing a blind spot
enlargement and central scotoma in the right eye. C, Full-field and focal macular electroretinograms. The latencies of the photopic 30-Hz flicker responses are
delayed in the right eye. Arrows indicate the phase difference in light-adapted 30-Hz flicker responses. The focal macular electroretinogram is aimost flat in the
central 15° of the right eye. Optical coherence tomographic images vertically profiled along the foveola (D) and magnified optical coherence tomographic images
in the region of visual field abnormality (E). In the left eye, the inner segment—outer segment (1S/0S) junction, foveal bulge, and cone OS tip (COST) line are clearly
observed. In the right eye, the IS/0S junction is clearly observed but the COST line is absent in the macula. The foveal bulge (asterisk) cannot be observed in the

right eye. RPE indicates retinal pigment epithelium.

Our findings suggest that the dysfunction of the cone
photoreceptor OS could be initially reflected by an ab-
sence or indistinctness of the COST line and the ab-
sence of the foveal bulge.” These changes may be fol-
lowed by the development of abnormalities in the 15/0S
junction in the more advanced stages. However, in our
cases, the 1S/0S junction remained the same during the
entire follow-up period. This may suggest another pos-
sibility that our 2 cases constitute a subtype of AZOOR.

However, in another case of AZOOR with a blind spot
enlargement and relative central scotoma (a 21-year-
old woman, data not shown), both the 1S/0OS and COST
lines disappeared in the peripapillary region where vi-
sual field disturbance was severe, whereas only the COST
line disappeared and the I1S/OS line remained normal in
the foveal region where the visual field disturbance was
milder. These findings support the idea that the visibil-
ity of the COST line is more easily affected than that of
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Figure 2. Findings in patient 2. A, Fundus photograph of the right eye showing a normal appearance. B, Goldmann kinetic perimetry showing a blind spot enlargement
and central scotoma in the right eye. Optical coherence tomographic images horizontally profiled along the fovecla (C), and magnified optical coherence tomographic
images in the region of the visual field abnormality (D). In both eyes, the inner segment-outer segment (1S/0S) junction is clearly observed. In the right eye, the cone 0S
tip (COST) line is partially observed but appeared more indistinct than in the left eye. The foveal bulge (asterisk) cannot be seen in the right eye.
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Transcorneal Electrical Stimulation Promotes Survival of
Photoreceptors and Improves Retinal Function in
Rhodopsin P347L Transgenic Rabbits

Takeshi Morimoto,* Hiroyuki Kanda,® Mineo Kondo,?> Hiroko Terasaki,® Kobji Nishida,* and

Takashi Fujikado’

Purrose. To determine whether transcorneal electrical stimu-
lation (TES) has neuroprotective effects on the photoreceptors,
and whether it slows the rate of decrease of the electroreti-
nogram (ERG) in rhodopsin P347L transgenic (Tg) rabbits.

MetHoDps. Six-week-old Tg rabbits received TES through a
contact lens electrode on the left eye weekly for 6 weeks. The
right eyes received sham stimulation on the same days.
Electroretinograms (ERGs) were recorded before and at 12
weeks after the TES. After the last ERG recordings, the animals
were euthanized for morphologic analysis of the retinas.
Immunohistochemical JHC) analysis was performed to detect
the immunostaining by peanut agglutinin (PNA) and rhodopsin
antibodies in the retinas.

Resucrs. The a- and b-wave amplitudes of the photopic ERGs
and the b-wave amplitudes of the scotopic ERGs at higher
stimulus intensities were significantly larger in the TES eyes
than in the sham stimulated eyes (P < 0.05, respectively).
Morphologic analyses showed that the mean thickness of the
outer nuclear layer (ONL) in the visual streak at 12 weeks was
significantly thicker in TES eyes than in sham-stimulated eyes
(P < 0.05). IHC showed that the immunostaining by PNA and
rhodopsin antibody in the TES-treated retinas was stronger
than that in the sham-stimulated retinas.

Concrusions. TES promotes the survival of photoreceptors and
preserves the ERGs in Tg rabbits. Although further investiga-
tions are necessary before using TES on patients, these findings
indicate that TES should be considered for therapeutic
treatment for RP patients with a P347L mutation of rhodopsin.
nvest Opbthalmol Vis Sci. 2012;53:4254-4261) DOI:
10.1167/i0vs.11-9067

Patients with RP have a progressive loss of rod and cone
photoreceptors that leads to a severe decrease in the visual
acuity and a severe constriction of the visual field.'? The
worldwide prevalence of RP is approximately 1 in 4000,
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meaning that more than 1 million individuals are affected
worldwide.> As such, RP is one of the leading causes of
blindness in the world.

Many promising treatments to save or restore vision in RP
patients are being investigated clinically and experimentally.4-2
Electrical stimulation (ES) of the retina is one of the methods
that is being tried because it is less invasive than other
treatments and has been shown to have neuroprotective
properties on the visual system.!%-18 ES of the transected optic
nerve stump in rats promoted the survival of axotomized
retinal ganglion cells (RGCs) in vivo.'? Transcorneal electrical
stimulation (TES) in rats was reported to rescue axotomized
RGCs'*''? and promote axonal regeneration of injured
RGCs.'>14 TES was also shown to improve the visual function
of patients with traumatic optic neuropathy and nonarteritic
ischemic optic neuropathy.®

We have demonstrated that TES promoted the survival of
photoreceptors and preserved the retinal function of Royal
College of Surgeons (RCS) rats, an animal model of RP® Ni et
al.’7 also reported that TES had neuroprotective effects on the
photoreceptors after phototoxicity in rats. In a preliminary
clinical trial, Schatz et al.'® demonstrated that TES improved
the visual function in RP patients.

However, RP is a genetically heterogeneous disease, and
mutations in several photoreceptor-specific and some non-
specific genes are known to cause RP!® Therefore, it is
necessary to examine the neuroprotective effect of TES
on the photoreceptors in the retinas of various RP animal
models to determine which genetic type of RP is responsive
to TES.

Rhodopsin Pro 347 Leu (P347L) transgenic (Tg) rabbits
have been generated by Kondo et al.?® This sequence of
alterations is similar to those in human patients with autosomal
dominant RP (adRP) with the rhodopsin P347L mutation.?!:??
This animal model has a rod-dominated, progressive photore-
ceptor degeneration with regional variations in the pattern of
photoreceptor loss.2%:23

The purpose of this study was to determine whether TES
has a neuroprotective effect on the photoreceptors and
improves the amplitudes of the electroretinogram (ERG) in
Tg rabbits. Our morphologic and electrophysiological analyses
showed that TES had a neuroprotective effect on the
photoreceptors and improved the amplitudes of the ERG of
Tg rabbits.

MATERIALS AND METHODS

Animals

All experimental procedures were performed in accordance with the
ARVO Statement for the Use of Animals in Ophthalmic and Vision

Investigative Ophthalmology & Visual Science, June 2012, Vol. 53, No. 7
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Research, and the procedures were approved by the Animal Research
Committee, Osaka University Graduate School of Medicine. Five Tg
rabbits were purchased from the Kitayama Labes Co. (Ina, Japan). They
were raised on a 12-hour dark 12-hour light cycle with an ambient light
intensity of 100 lux.

Transcorneal Electrical Stimulation

The rabbits were anesthetized intramuscularly with a mixture of
medetomidine (0.3 mg/kg, Domitor; Orion Corporation, Espoo,
Finland), midazolam (4 mg/kg, Dormicum, Astellas Pharma Inc., Tokyo,
Japan), and butorphanol (5 mg/kg, Betorphal; Meiji Seika Pharma, Co.,
Ltd., Tokyo, Japan). For the electrical stimulation, the corneas were
also anesthetized with a drop of 0.4% oxybuprocaine HCI, and a
contact lens electrode with inner and outer concentric electrodes
(Mayo Corporation, Nagoya, Japan) was placed on the cornea with a
drop of 2.5% methylcellulose to maintain good electrical contact and
prevent corneal drying. Biphasic rectangular current pulses (700 HA,
10 ms/phase duration) were delivered at a frequency of 20 Hz from an
electrical stimulation system (Stimulator: SEN-7320, Nihon Kohden,
Tokyo, Japan; Isolator: WPI, Sarasota, FL) through the contact lens
electrode.

TES was given to 6-week-old rabbits for 1 hour once a week until
the animals were 12 weeks old. Only the left eye was electrically
stimulated. The same type of contact lens electrode was placed on the
right eyes but no electrical current was delivered (sham stimulation).

Electroretinograms

ERGs were recorded from the animals at 6 weeks of age just before the
beginning of the TES and after the end of the TES treatments at 12
weeks of age. For the TES, animals were anesthetized intramuscularly
with a mixture of medetomidine (0.3 mg/kg), midazolam (1 mg/kg),
and butorphanol (1 mg/kg). The pupils were dilated with 2.5%
phenylephrine hydrochloride and 0.5 % tropicamide.

After 1 hour of dark adaptation, the animals were restrained in a
box and were prepared for the recordings under dim red light. ERGs
were recorded from both eyes simultaneously with a corneal electrode
carrying LEDs creating a mini-Ganzfeld stimulator (WLS-20, Mayo
Corporation). A 2.5% hydroxypropyl methylcellulose ophthalmic
solution was used with the corneal contact lens electrode. The
reference electrode and a ground electrode were inserted subcutane-
ously into the left ear and the nose, respectively.

The luminance of the scotopic ERG stimuli was increased from —5.0
to 1.48 log cd-s/m? in 0.5 or 1.0 log unit steps. After the scotopic ERG
recordings, animals were light-adapted for 30 minutes, and the
photopic ERGs were recorded. The luminance of photopic ERG
stimuli was increased from —1.0 to 1.95 log cd-s/m?, and the stimuli
were presented on a white background of 25 cd/m?.

The responses were amplified, band pass filtered from 0.3 to 1000
Hz, and digitized at 3.3 kHz. A computational ERG recording system
(Neuropack p; Nihon Kohden, Tokyo, Japan) was used to average the
ERG responses. Five to 20 responses were averaged with interstimulus
intervals from 1 to 10 seconds depending on the intensity of the
stimulus.

ERG Analysis

The scotopic (dark-adapted) and photopic (light-adapted) a-wave
amplitudes were measured from the prestimulus baseline to the peak
of the a-wave, and the b-wave amplitude was measured from the trough
of the a-wave to the peak of b-wave.

To determine the significance of differences in the ERG amplitudes
between TES electrically stimulated eyes and sham-stimulated eyes for
the full intensity range, we plotted the average ratio of the TES-treated
to the sham-stimulated eyes at all intensities and performed statistical
analyses.?2-24
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Histological Analysis

Immediately after the final ERG recordings, the rabbits were euthanized
with an overdose of pentobarbital sodium. The eyes were removed and
placed in a mixture of 10% neutral buffered formalin and 2.5%
glutaraldehyde in 0.1 M phosphate buffer (PB) for 30 minutes at room
temperature. Then eyes were trimmed, and part of the eye cups,
including the optic nerve, were postfixed in 4% glutaraldehyde in 0.1
M PB at 4°C. The tissues were trimmed, embedded in paraffin,
sectioned vertically, and stained with hematoxylin and eosin for light
microscopy. All sections were cut along the vertical meridian of the eye
passing through the optic nerve. Five serial sections of each eye were
analyzed for each experimental animal.

The degree of retinal degeneration was assessed by measuring the
thickness of the outer nuclear layer (ONL), inner nuclear layer (INL),
and ganglion cell layer (GCL). Photographs were taken of the superior
and inferior hemispheres at 10 defined points with a camera attached
to a light microscope (E800; Nikon, Tokyo, Japan). The first
photograph was taken at approximately 2 mm from the center of
the optic nerve head, and subsequent photographs were taken every
2 mm more peripherally. The thickness of ONL, INL, and GCL were
measured on the photographs (Scion Image analyzer; Scion Corp.,
Frederick, MD). Each eye was coded so that the investigator making
the measurements was masked to treatment of the eye.

Immunohistochemistry

The paraffin-embedded sections (5 pm) were processed for immuno-
fluorescence staining with antirhodopsin antibody (1:100; RETPI;
Santa Cruz Biotechnology, Santa Cruz, CA), followed by Cy3-
conjugated antiqmouse IgG (1:200), and FITC-conjugated peanut
agglutinin (1:100) (PNA; Invitrogen, Carlsbad, CA), a lectin that binds
specifically to rabbit cone photoreceptors. The TES-treated and sham-
stimulated sections were observed with a fluorescence microscope
(E800; Nikon).

Statistical Analysis

Data were analyzed with a commercial software (JMPS8; SAS Institute
Japan, Tokyo, Japan). The data were expressed as the means * SDs or
SEMs. Comparisons between two groups were made by Student’s #-
tests when the data were normally distributed or by the Mann-Whitney
rank-sum test when the data were not normally distributed. Statistical
significance was set at P < 0.05.

REesurrs

Effect of TES on Survival of Photoreceptors
in Tg Rabbits

Representative retinal sections in the area of the visual streak
from 12-week-old Tg rabbits that had TES (left eye) or sham
stimulation (right eye) are shown in Figures 1A and 1B. The
number of rows of nuclej in the ONL at the visual streak was
two to three and the nuclei were closely packed in the retina
receiving TES (Fig. 1A). In the sham-stimulated retina, only one
row of nuclei was found in the ONL at the visual streak and
they were loosely packed (Fig. 1B). In contrast, there was no
difference in the structure and thickness of the ONL in other
areas of the retina away from the visual streak between the
TES-treated and sham-stimulated retinas (Figs. 1C, 1D). The
architecture and thickness of the middle and inner retinal
layers were well preserved in both TES-treated and sham-
stimulated retinas (Figs. 1A-D).

Quantitative analyses showed that the thickness of the ONL
in the visual streak in the TES-treated eyes was 13.9 * 3.3 ym
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Ficure 1. Photomicrographs of TES-treated and sham-stimulated
retinas from 12-week-old Tg rabbits. Retinal sections of the visual
streak from TES-treated retina (A) and sham-stimulated retina (B).
Peripheral retinas at 6 mm superior to the optic nerve head from TES-
treated retina (C) and sham-stimulated retina (D). Scale bar = 50 pm.

(mean * SD, n=5) which was significantly thicker than that in
the sham-stimulated eyes (8.8 = 2.8 pm, 7 = 5, P < 0.05)
(inferior hemisphere 1). In contrast, there was no significant
difference in the mean ONL thickness outside the area of the
visual streak (Fig. 2A). Thus, TES promoted the survival of
photoreceptors in the area of the visual streak at 12 weeks of
age.

To determine whether TES affected other layers of the
retina, we measured the thickness of the INL and GCL. There
were no significant differences of the mean thickness of INL
and GCL between the TES retinas and in the sham retinas (72 =
5 each; Figs. 2B, 20).
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Ficure 2. Thickness of the ONL (A), the INL (B), and the GCL (C)
along the vertical meridian measured at 10 retinal locations at 2-mm
intervals. Mean * SD of five Tg rabbits are plotted. There was a
significant difference of the mean ONL thickness between TES-treated
retinas () and sham-stimulated retina (B) at the visual streak
(Student’s #-test for two groups; *P < 0.05).
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F1Gure 3.

Stimulus intensity (log cds/m?2)

Scotopic ERGs recorded from 6- and 12-week-old rhodopsin P347L Tg rabbits. (A) Scotopic ERGs elicited by eight different stimulus

intensities. (B) Scotopic ERG mean amplitude versus flash intensity for the a- and b-waves in the TES-treated (O) and sham-stimulated eyes (&) (12 =
5, each, mean * SEM). Average ratio (TES/sham) of the a- (C) and b-wave (D) amplitudes at 12 weeks of age (12 =5, each, mean * SEM). Pointwise
comparison indicated a significant difference in b-wave amplitudes at 1.48 and 0.95 log cd-s/m? (Student’s #tests for two groups; *P < 0.05).
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Ficure 4. Photopic ERGs recorded from 6- and 12-week-old rhodopsin P347L Tg rabbits. (A) Photopic ERGs elicited by five different stimulus
intensities. (B) Photopic ERG mean amplitude versus flash intensity for the a- and b-waves in the TES-treated (O) and sham-stimulated (B) retinas.
Average ratio (TES/sham) of the a- (C) and b-wave (D) amplitudes at 12 weeks of age (=5, each, mean = SEM). Pointwise comparison indicated a
significant difference in a-wave amplitudes at 0.95 to 1.95 log cd-s/m? (Student’s #tests for two groups; “P < 0.05, “*P < 0.01), and in b-wave
amplitudes at 1.48 and 1.95 log cd-s/m? (Student’s #tests for two groups; *P < 0.05, P < 0.01).
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Effect of TES on Electroretinograms of Tg Rabbits

To evaluate the electrical properties of the rod and cone
systems of rabbits, we recorded full-field scotopic and photopic
ERGs. The scotopic ERGs elicited by different stimulus
intensities from 6- and 12-week-old Tg rabbits are shown in
Figure 3A. The amplitudes of the scotopic ERGs recorded from
the eyes of 12-week-old Tg rabbits were not reduced compared
with those from the eyes of 6-week-old Tg rabbits. The
intensity-response curves for the a- and b-waves are plotted
in Figure 3B. Scotopic ERG a-wave amplitudes of TES-treated
eyes were not significantly different from those of sham-
stimulated eyes. However, the b-wave amplitudes of the TES-
treated eyes were slightly but significantly larger than those of
the sham-stimulated eyes at the higher stimulus intensities.

We plotted the ratio (TES/sham-stimulated eye) of the
amplitudes of the a- and b-waves for all intensities and
performed statistical analyses on the differences (Figs. 3C,
3D). The differences in the ratios of the a-waves were not
significant for all intensities. On the other hand, the ratios of
the b-wave amplitudes were significantly larger at stimulus
intensities higher than 0.95 log cd-s/m? (P < 0.05) in the TES-
treated eyes.

The photopic ERGs obtained from Tg rabbits at 6 and 12
weeks of age are also shown in Figure 4A. The amplitudes of
the TES-treated and sham-stimulated eyes at 12 weeks of age
were slightly reduced compared with the ERGs recorded from
6-week-old Tg rabbits but the differences were not significant.
However, the responses in the eye treated with TES were larger
than those treated with sham stimulation (Fig. 4A).

The intensity-response curve for the a- and b-waves are
plotted in Figure 4B. We also plotted the average ratio of TES-
treated to sham-stimulated eves at all intensities (Figs. 4C, 4D).
For a-waves, there were significant differences between TES-
treated and sham-stimulated eyes at 0.95 to 1.95 log cd-s/m? (P
< 0.05, respectively). For b-waves, there were significant
differences between them at 1.48 and 1.95 log cds/m? (P <
0.05).

Immunohistochemistry

Immunostaining with an antithodopsin antibody and PNA
lectin showed that the intensities of the immunostaining for
both antirhodopsin antibody and PNA were stronger in the
TES-treated retina (Figs. 5A-C) than the sham-stimulated retina
(Figs. SD-F).

PNA

TES

Sham

Rhodopsin
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Discussion

Our electrophysiological and histological analyses showed that
TES led to the survival of photoreceptors in the visual streak,
and it also led to the preservation of ERG responses at higher
stimulus intensities in rhodopsin P347L Tg rabbits. Although
the cause of the photoreceptor degeneration in Tg rabbits is
different from that in RCS rats and the phototoxic-induced
degeneration in rats,?%:2325-27 TES also had a neuroprotective
effect on the photoreceptors in Tg rabbits. These findings
indicate that TES might have a similar neuroprotective effect
on photoreceptors whose degeneration has different causes.

In the histological analysis, only the photoreceptors in the
visual streak were rescued by TES, and in the areas outside the
visual streak, the number of photoreceptors in the TES-treated
retina was not significantly different from that in sham-
stimulated retina. In Tg rabbits, the loss of photoreceptors
was maximum in the visual streak where the photoreceptor
density is highest, and the loss of photoreceptors was not
significantly different at other regions outside visual streak at
12 weeks of age.?? Therefore, at 12 weeks of age, the loss of
photoreceptors was striking only in the visual streak,
indicating that the neuroprotection of photoreceptors was
limited to the visual streak.

Immunohistochemical analysis showed that the intensity of
both PNA and rhodopsin immunostainings was stronger in the
TEStreated retinas than in the sham-stimulated retinas in the
visual streak.

However, the results of ERGs indicated that TES preserved
the cone components better than rod components, although in
Tg rabbits the rod components are more affected than the
cones.?0-23 Although it was not determined why the cone
components were better preserved than the rod components,
one possibility is that TES promoted the survival of both rod
and cone photoreceptors, and the rescued rods secreted a
cone viability factor to rescue the cone photoreceptors.?s
Otherwise, at 12 weeks of age, photoreceptors near the visual
streak were much more affected than those outside the visual
streak,?® therefore the differences of ERG amplitudes of full
field ERGs between TES-treated and sham-stimulated retinas
might be detected only at higher stimulus intensities.

There are some possible mechanisms for the neuroprotec-
tion of photoreceptors. First, TES increased the expression of
the mRNA and protein levels of neurotrophic factors (e.g.,
insulin-like growth factor-1 (IGF-1), brain-derived neurotrophic

Merged + DAPI

Ficure 5. Immunohistochemical analysis of rod and cone photoreceptors triple labeled with rhodopsin (greern), PNA (red), and DAPI (blue) in TES-
treated (A-C) and sham-stimulated retinas (D-E) at 12 wecks of age (approximately 4 mm inferior to the optic nerve head). Intensities of rhodopsin
and PNA immunostaining are stronger in the TES-treated ratio than in the sham-stimulated retina. Scale bar = 50 pm.
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factor (BDNPF), ciliary neurotrophic factor, or B-cell lymphoma-
2 in the retinas after TES.'%17 A second possibility is that TES
reduced the expression of the TNF super families and Bax,
which are related to apoptosis signaling in retinal cells.?®
Cultured rat Miiller cells exposed to electrical currents have
been shown to express IGF-1, BDNE and fibroblast growth
factor-2 (FGF-2).39-32 Other types of electrical stimulation to
the retinas, such as subretinal electrical stimulation, increases
the expression of FGF-2 in the retinas.?® Unfortunately, we did
not determine whether the expression of any of these
neurotrophic factors was increased after TES in the Tg rabbit
retinas.

Another possible mechanism for the TES-induced neuro-
protection was an increase of chorioretinal blood circulation
by TES.3>%$35 In clinical studies, TES has been shown to improve
the visual function of patients with retinal artery occul-
sion.?%37 Thinning of the vascular plexus and the development
of aberrant vessels have been reported in RP patients and
animal models of RP33-4l This indicates that retinal blood
circulation might be reduced in Tg rabbits. TES might have
some neuroprotective effects on photoreceptors by increasing
chorioretinal blood circulation.

We did not examine whether TES was neuroprotective for
the photoreceptors in the peripheral retina. In Tg rabbits at the
age of 48 weeks, almost all of the photoreceptors were
lost?*27; however, it takes a long time to investigate the
neuroprotective effects of TES on the entire retina until the age
of 48 weeks from 6 weeks, so it is difficult to continue the
treatment until 48 weeks because weekly anesthesia and
treatment put a heavy load on animals and is adverse to the
animal welfare for long-term experiments. The results that TES
did have neuroprotective effects on photoreceptors in the
visual streak at 12 weeks of age were enough to lead us to
determine the neuroprotection of TES on the photoreceptors
in Tg rabbits.

Rhodopsin P347L Tg rabbits are an adRP model of human
RP. Our results indicate that TES might have a neuroprotective
effect on the photoreceptors in RP patients with the same
mutation. Schatz et al.'® performed a prospective, randomized
sham-controlled clinical study, and reported that TES improved
the visual function in RP patients. From these neuroprotective
effects of TES already published and our results, TES might
exert a neuroprotective effect on photoreceptors of different
animals with RP. Additional investigations on different animal
models are necessary to determine which type of RP was the
indication of TES treatment.

In conclusion, TES had a neuroprotective effect on the
photoreceptors in the visual streak of rhodopsin P347L Tg
rabbits, which is a model of human adRP. These results support
and encourage clinical trials of TES for RP patients.
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ABSTRACT

»albescens (RPA) and is-caused by a
1ca1 featules ofa Japanese patient with

Purpose: Bothnia dystrophy is a variant of recessive retinitis punc
homozygous R234W mutation in the RLBP1 gene. We repoxt the: cl
the homozygous R234W mutation in the RLBPI gene. . »

Methods: An affected woman with RPA has been exammed clinically. for 25. yeals Her DNA was obtained with
informed consent, and the exons and sunoundmg areas: RDH5 Lhodopsm and RLBP1 were amplified by
PCR and directly sequenced.

Results: Our patient was first examined i our hospital in 1986 when she was 6 years old. Ophthalmoscopy
showed numerous small white dots in the posterior pole of both eyes. Although the a- and b-waves of the
single flash ERGs were severely reduced after a standard 30 min’ ‘of dark- -adaptation, the amplitudes of both
waves increased markedly after 24 hr of deuk—adaptahon The visual disturbances and visual field scotomas
became more evident in her twenties, and her BCVAs were 0.2 OD and 0.5 OS when she was 31 years old in
2010. Fundus examinations showed: macular degenerahon inboth eyes. A homozygous R234W mutation was
detected in RLBP1, and no mutations we1e detected in RDH5 and rhodopsin.

Conclusions: The clinical char: actenstlcs ofa ]apancbe patient with a homozygous R234W mutation in RLBP1
are very similar to that of Swedish patients with Bothnia dystrophy. The origin of the Japanese R234W muta-
tion is probably-not the‘ ame as that of the. Swedlsh patients, but more likely due to the high incidence of C
toT tlansmons i T ,

Keywords: Retinitis ptlncfafa albescens, Bothnia dystrophy, RLBP1 gene, RDH5 gene, electroretinograms

dark-adaptation. The retinal changes can progress to
generalized atrophy of retina.

Mutations in the RDH5 gene have been found in
patients with fundus albipunctatus in various ethnic
groups and also in patients with cone dystrophy asso-
ciated with fundus albipunctatus.*® A consanguine-
ous Saudi Arabian kindred with a retinal dystrophy

INTRODUCTION

The flecked retina syndrome includes benign (famil-
ial) flecked retina, fundus albipunctatus, and retinitis
punctata albescens (RPA) (OMIM #136880, 228980). The
benign (familial) flecked retina is typically not associ-
ated with nyctalopia or a delay in dark-adaptation.’

Although young patients with fundus albipunctatus
and RPA can have similar symptoms and signs, RPA
is progressive and associated with a severe decrease
in the amplitudes of the electroretinograms (ERGs).
The amplitudes do not recover even after prolonged

phenotype that fulfilled the criteria of fundus albi-
punctatus in younger individuals and RPA in older
patients with the R150Q) mutation of RLBP1 gene has
also been reported.® Mutations in the genes encod-
ing rhodopsin (RHO), peripherin/RDS (PRPH2),
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and retinaldehyde-binding protein (RLBPI) have been
reported in patients with RPA,7? whereas RLBPI gene
mutations cause autosomal recessive retinitis pigmen-
tosa, RPA, fundus albipunctatus, and Newfoundland
rod-cone dystrophy (OMIM# 607476).1%14

Bothnia dystrophy (BD, OMIM#607475) is an atypical
form of RPA and is caused by an arginine-to-tryptophan
missense mutation at position 234, R234W, in the RLBP1
gene.’ We report a Japanese case of RPA with a homozy-
gous R234W mutation suggesting a Japanese case of
BD. We were able to follow our patient for 25 years and
confirmed the significant recovery of the full-field ERGs
after 24 hrs of dark-adaptation.

MATERIALS AND METHODS
Patient

A 6-year-old Japanese girl was first examined in our
hospital in 1986 because of night blindness which was
first noticed at the age of 2 years. She underwent peri-
odic ophthalmological examinations over the next 25
years in the Department of Ophthalmology, Hamamatsu
University Hospital, Hamamatsu, Japan. None of the
individuals in her family had BD or other ocular dis-
eases. Her father and mother are not relatives but her
paternal ancestors were from Shinshiro city and her
maternal ancestors from Mikawaichinomiya-cho. These
cities are in the Aichi prefecture and are situated close
to each other.

The visual acuity (VA) was determined using a
decimal visual acuity chart. The visual fields were
determined with a Goldmann perimeter using standard
targets. The course of dark-adaptation was determined

TABLE 1 PCR primer sequences for RDH5, RHO, and RLBP1

with a Goldmann-Weekers adaptometer. Color vision
was tested with the Ishihara pseudoisochromatic plates
(38 plates; 2002 edition) and Panel D-15 test.

Electroretinographic Analyses

Full-field ERGs were elicited with a Ganzfeld dome
and recorded with a unipolar contact lens electrode.
The reference and ground electrodes were attached to
the forehead and the ipsilateral ear, respectively. After
30min of dark-adaptation, a rod response was elicited
by a white flash at an intensity of 0.01cd-s/m™2 Single-
flash cone responses and 30 Hz flicker responses were
elicited by white stimuli of 3.0cd-s/m™ on a white back-
ground of 81cd/m™. Maximal rod-cone responses were
elicited by a bright white flash (20 Joules) at an intensity
of 10.0cd-s/m2. The maximal rod-cone responses were
also recorded after a prolonged dark-adaptation of 3 hrs
and 24 hrs when the patient was 7 and 32 years old.

Mutation Analyses

This study was approved by the Institutional Review
Board for Human Genetic and Genome Research of
the Hamamatsu University School of Medicine, and
procedures were performed in accordance with the
Declaration of Helsinki. An informed consent was
obtained from the patient. Genomic DNA was extracted
from peripheral lymphocytes by standard procedures.
Polymerase chain reaction (PCR) was performed using
the KOD -Plus-ver.2 (TOYOBO, Japan) with published
primers’® and the primer sets shown in Table 1. PCR was
performed according to the manufacturer’s protocol at

PCR primer
Gene Exon Forward Reverse PCR product size (bp)
RDH5# 2 GGCCACAGTAAACTGGACAA TTCCTGGTGGTCTACCATAC 405
3 CCCCAGCATCCTTTTCATCT GGTCACAAAGCTTACATAAGGGTA 454
4 AAGAACCCAGCAACTTCGCT TTCCCTTCATGTGCCCCTGT 237
5 CTGATTGCAACCACCTATGG CAATCTCTTGCTGGAAGGCT 276
RHO 1 AATATGATTATGAACACCCCCAAT  ACCTAGGACCATGAAGAGGTCAG 460
1 ACTTCCTCACGCTCTACGTCAC GCACAAACAGCAGCCCGGCTAT 385
2 TCCTTCCCCAAGGCCTCCTCAA GGTCAGTGCCTGGAACCAGACA 402
3 AGCCATGCAGACGTTTATGAT CTTCTGTGTGGTGGCTGACT 454
4 GTCTTCACCGTCAAGGAGGTA CTGACCCAAGACTGCTGCCAGT 498
5 CTCAAGCCTCTTGCCTTCCAGT GGTGGATGTCCCTTCTCAGGCTG 331
RLBPI 3 GCCTCGGGTGATTCTGATGCAAT ACCCACACAGGGGTTATAGAAG 334
4 CAGGCTGATGCGGTTGGCTGTT AGTCTATCAGGTCCAGGATGATCT 302
5 GCTCTGGCAGGAGACTCATCAC CCCACAGTATGGAAGCAGGCCT 393
6 ACTAGGAGGGATGGGGTAGGGAT  GAACCAGGAATGAGGGCCCAGT 331
7 TCCGAGATCAAAGCCTGCAGCAA  AATACTTGGCAAACTGTCAATCAC 467
8 GTGATGCTGGACAAGTCTGTTCTA  TAGCTCAGGACCATGGTAGAGTGT 315
9 ACTGACACCCAACATGGAGAC CAGCCCTTTCCTAGCCTTGGGT 394

*RDHS5 primers have been previously described.’
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