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Fig. 6 Averaged implicit times of the focal macular electrore-
tinograms (ERG) a-(a) and b-waves (b). Czrclev represent eyes
affected by polypmdal choroxdal vasculopathy before and after

A recurrence of exudatlve changes mcludmg a SRD
and subretinal hemorrhage was 'seen in 4 eyes (27%)
over the 12—month follow-up penod These comphca-
tions requlred addmonal treatments, and the averaged
number of treatments was 1.4 over the one-year
observation period. Nine of the 11 eyes (82%) had a
recurrence durmg the observatlon penod with a mean
of 26 months and ranging from 13 to 34 months

Small subretinal 'hemorrhages less than ‘1/4 disk
diameter were seen'in 2 patients within the 1-month
postoperatlve penod (18%) A transient increase in an
SRD was seen-in one patient at 1 week after the
treatment (9%).

Discussion:

Our results showed that RFPDT improved the visual
acuity and reduced the thickness of the fovea. It had no
adverse effects on the macula function and choroidal
circulation in our patients with PCV.

Preservatiori of focal macular ERGs

Earlier studies that evaluated the macular function by
focal macular ERGs demonstrated a significant reduc-
tion in the amplitudes of the focal macular ERGs
following the standard PDT procedures [10, 11].
Choroidal circulatory disturbances and/or inflamma-
tory responses associated with vascular leakage may
have contributed to these alterations.

Ishikawa et al. [10, 16] reported a significant
correlation between choroidal hypoperfusion induced
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reduced ﬂuence photodynamxc therapy (RFPDT) Filled cquarec‘
represent - unaffected eyes of ‘the panems “Error “bars:
mean =+ SD - :

by the standard PDT and the decreased amphtudes of
the focal macular ERGs: In cases with choroidal
hypoperfusion; the amplitudes of the a-and b-waves of
the focal macular ERGs were significantly reduced at
both 1 week and 1 month postoperatively. A choroi-
dal hypoperfusion did not develop after RFPDT in any
of our patients: In addition, the foveal thickness was"
significantly reduced at 1 week after RFPDT indicat-
ing that the wvascular leakage associated with. the
inflammatory reaction most likely did not develop.
These two factors possibly contributed to the retention
of the macular function following RFPDT.

Although a functional recovery has been reported
at 3 months after the standard PDT there was no
improvement in the amplitudes of ‘the focal macular
ERGs [10]. We found a significant increase in the
b-wave amplitudes at 3 months after the RFPDT. This
suggests that RFPDT as opposed to standard PDT could
enhance the early improvement of macular function.

Comparison of our results with those using
standard PDT ‘ ' ‘

Earlier studies have shown that the standard PDT is
more effective for eyes with PCV- than eyes with
typical AMD [6—8] However, in long-term observa-
tions, recurrences of the exudative changes have been
seen in approximately 60% within 2 years and 80%
within 3 years after standard PDT [17, 18]. The
recurrence rate in our patients was 82% after
26 months indicating that RFPDT did not reduce the
recurrence rate significantly from that of standard
PDT.
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We reduced the exposure time to one-half of that of
the standard protocol because earlier studies reported
that a reduced time was more effective than reduced
laser energy in closing CNVs [12]. However, we. \

cannot compare our data with. the results of the earlier
report in which the laservenergy was redu

similar to that of the previous report [13].
Limitation of this’stu;dy

One important limitation of this study was the lack of

control patients t treated w1th standard PDT Therefore L

we compared our data with those reported in which the
AMD and PCV patients were treated with the standard

PDT and the macular function was eévaluated: by ‘the |

focal ‘macular ERGs using very similar:recording

systems - to: outs . [10]. However, our patients  were
selected to have: relatively small- PCV: lesions- that:

might well respond:to-the treatments. In addition, the

sample size was too small to determine the long-term’

benefits of RFPDT. Further studies: including larger

numbers of ‘patients with  various size: lesions are

needed to determine the long-term benefit of REPDT
for PCV. :
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Choroidal fi findings in idiopathic uveal
effusion syndrome

‘CASE REPORT

Tomomi Harada “"Purpose: We report choroidal findings by means of ‘enhanced depth imaging spectral-
Shi geki‘Machida ~“domain optical coherence tomography (EDI-OCT) in a patient with idiopathic uveal effusion
Takamistu Fujiwara syndrome (IUES).

Yasunori Nishida Case report: A 41-year-old man was referred to us with ciliochoroidal and non-rhegmatogenous

Da jiro Kurosaka ‘retmal detachments. Sclerectomies and sclerostomies: were: performed at the equator 1n the

lower quadrants, resulting 1n resolution of the cihochoroidal and retinal detachments. EDI-QCT
Department of Ophthalmology,
Iwate Medical University School _
of Medicine, Iwate, Japan sured vertically from the outer border of the RPE to the inner border of the sclera was 787 um

demonstrated low-reflective areas 1 the outer choroid. The subfoveal choroidal thickness mea-

which was significantly thicker than the normal value {272 £ 90 um, n = 131) obtained from
age-matched normal controls. k k

Conclusions: The findmgs made by EDI-OCT have plovukd additional evidence that Lh()l()]di'll
alterations play a role in the pdtholoomal process in [URS. : S e

Keywords: uveal effusion s\ndmme :

ccna] doniam op‘ucal L()JILICHCL tomogmphy, EDI OC'[
) ,OC.- T, Lh()l()ld R : ; e

1 n‘trod uctlon

Department of. Opht ,  inhis right ¢ H hdd a history of serous mdcu.lm dt,td(,lnmnts in both eyesin 1 996,
xﬁzgjﬁza:9U;”LT§:;Z§S§Z: oka which resolved spml\laneously‘ Otherwise, he was healthy. His best-corrected visual
Iwate 020-8505, Japan acuity (BCVA) was 0.3 OD and 1.0 OS with mild myopia in both eyes. The intraocular
Tel +81 19 651 5111 (ext 8691)
Fax +81 19 653 2864 ‘
Email smachida@wate-med.ac.jp for the nght and left eyes, respectively. There were no inflammatory cells m the anterior

pressures were normal. The axial lengths of the globe were 22.95 mm and 22.65 mm

B Clinical Ophthalmology 2011:5 15991601 1599
Dove: . © 20i | Harada et al, publisher and licensee Dove Medical Press Ltd. This is an Open Access article
‘ i ‘ which pernmuts unrestricted noncommercial use, provided the original work is properly cited.
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chamber and vitreous cavity in either eyes. The posterior pole
of the ocular fundus showed atrophy of the retinal pigment
epithelium (RPE; Figure 1A). An annular ciliochoroidal
detachment and a shifting bullous retinal detachment were

noted in the right eye (Figure 1B and C)..In the left eye, - ;
* for glaucoma filtering surgery. The ciliochoroidal and retinal

a ciliochoroidal detachment was seen in the temporal hemi-
sphere without retinal detachment. The vortex veins were only
discernible in the temporal superior quadrant in the right eye
and in the inferior lower quadrant in the left eye.

Sclerectomies and sclerostomies were performed at the
equator in the lower quadrants of the right eye in September
2001, resulting in resolution of the ciliochoroidal and retinal
detachments. During the surgery, we noted that the sclera
was rigid and thick. The ciliochoroidal and retinal detach-
ments recurred 6 months after the surgery, and the vision
decreased to light perception in the right eye because of
chorioretinal atrophy.

The patient re-visited us complaining of decreased vision
in the left eye, in September 2005, The BCVA was light per-
ception OD and 0.3 OS. Atrophy of the RPE in the posterior
pole and annular ciliochoroidal detachments were noted in
the left eye (Figure 1D and E). OCT demonstrated subretinal

fluid in the macula (Figure 1F). We performed sclerectomies

Figure 1 Photograph of the posterior ‘pole (A) and peripheral region (B) of the
right eye of a patient with idiopathic uveal effusion syndrome (JUES) in july 2001.
A choroidal detachment can be seen (B). The ultrasonographic image of the right
eye shows a retinal detachment in the inferior hemisphere (C). Photograph of the

posterior pole (D) and peripheral region (E) of the left eye in September 2006. -

A ciliochoroidal detachment can be seen (E). Optical coherence tomography shows
a macular detachment in the left eye (F).

and sclerostomies with application of mitomyein C (MMC)
in the inferior quadrants of the left eye in November 2005,
Medical Quick Absorber® (Inami Co, Tokyo, Japan) soaked
in 0.04% MMC was placed on the sclera after the scleros-
tomies for 5 minutes to avoid poétoperatzixke:ﬁbrosis as used

detachments prompily resolved after surgery with improve-
ment of vision to 1.0.

The patient returned because of a relapse in the left eye
in March 2010. His BCVA had deteriorated to 0.7 OS. OCT
demonstrated a serous macular detachment and intraretinal
fluid.

In May 2010, fluorescein angiography (FAG) showed
marked hyperfluorescence in the macular region of the

left eye due to window defect with late subretinal leak-

age (Figure 2A and B). Indocyanine green angiography -
(ICGA) revealed diffuse and moderate hyperfluorescence:
that obscured large choroidal veins in the postetior pole of
the ocular fundus in the early phase (Figure 2C), which was":
consistent with previously reported ICGA findings.® In the
Jate phase of ICGA,; hypofluorescence was noted thl‘oughoilt
the posterior pole (Figure 2D). Topical steroid application

“resulted in a resolution of the serous macular detachment

and the intraretinal fluid in the left eye, with improvement

. in vision.

Figure 2 Fluorescein angiograms (A and ‘B) and indocyaninie green ‘angiograms
(C'and D) in May 2008. The arrow points to the direction and length of the enhanced
depth imaging optical coherence tomographic scan (EDI-OCT) (C). The EDI-OCT
image shows large low-reflective areas (indicated by asterisks) in‘the outer choroid
in the patient (E) which was not noted in a control subject (F).
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Choroidal ﬁndi‘n‘gs in IUES .

The-arrow and line in Figure 2C indicates the direction:

and length of the EDI- O( T scan. EDI- OCT demonstrated

low-reflective areas (mdlcau,d by asterisks in Figure 2E)

in the outer choroid (Figure 2C and E) in April 2011. The
subfoveal choroidal thickness was measured vertically from
the outer border of the RPE to the inner border of the sclera.

The choroidal thickness was 787 pum ( mdicated by the arrow ‘

in Figure 2F) which was significantly thicker than the normal
value (272 £ 90 pm, n = 131) obtained from age-matched
normal controls (indicated by the arrow in Figure 2F).

- Discussion
* Our patient had annular ciliochoroidal detachments with shift-
ing subretinal ﬂmd which was resolved by the sclerectomies and
sclerostomies. The patient was a healthy and middle-aged man
without nanophthalmos or medical history of any other disease.
 These characteristics are consistém with those of TUES.2
The EDI-OCT images showed large low-reflective
areas in the outer choroid, which could represent dilated
choroidal veins or an enlargement of the suprachotoida.l
space. The ICGA failed to delineate large choroidal veins in
the posterior pole in the early phase because of the diffuse
hyperfluorescence throughout the ocular fundus. However,
congestion of the choroidal veins could take place because
of the abnormality of the vortex veins. Alternatively, the
low-reflective areas in the EDI-OCT images may represent
an accumulation: of extravascular proteins in the supra-
choroidal space. These choroidal findings are comparable

to the hypothesized-disease mechanism of IUES in which
LML&VASLUMI proteins triggered by choroidal congestion
“accumulate in the suprachor oidal space lmdm‘7 to choroidal

and retinal detachments.> A congenital anomaly of the sclera -
superimposed on aging and hormonal changes is hypoth-
esized to prevent transport of extravascular proteins across

the sclem In fact the sclera of our pmcm appear cd to be

thick and rigid during the surgeries.
The findings made by EDI-OCT have provided additional
cvidence that chmmdal ahuanons play a mle in the
pathological process in TUES.
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Enhancement of ON-Bipolar Cell Responses of Cone
Electroretinograms in Rabbits with the Pro347Leu

Rhodopsin Mutation

Tomobaru Nishimura," Shigeki Machida," 1
Daisuke Yokoyama,l and Daijiro Kurosaka®

Purrost. To determme how the different stages of retinal
processing change after photoreceptor degeneration i rabbits
carrying the Pro347Leu rhodopsin ‘mutation (Tg rabbits).
Memmons. Cone electroretinograms (ERGs) were clicited by
150-ms duration stimuli from 13 ‘T'g rabbits at 12 and 24 wéeks
of age The ERG recordings were made before and after. an
intravitreal injection of tetrodotoxin citrate (TTX) plus
N-methyl-pr-aspartic acid (NMDA), with the addition of
2-amino-4-phosphonobutyric acid (APB) and - then '¢is-2,3-
piperidine-dicarboxylic acid (PDA) or 6-cyano-7-nittoqui-
noxaline-2,3-dione (CNQX). Digital subtraction of the ERG
after the injection from the ERG Dbefore the injection was

used to extract the components that were blocked by these
drugs. Thirteen age-matched, wild-type (W T) rabbits were
studied with the same protocol.

Resurrs. In Tg rabbits, the cone ERGs clicited by intermediate
intensities had a depolarizing pattern. At 12 weeks of age, the
photoreceptor and OFF-bipolar/horizontal .cell responses re-
flected in the ERG in the Tg rabbits did not differ significantly
from those in the WT rabbits. The ON-bipolar cells and the
third-order neuronal responses recorded. after pharmaco-
logic blockade were significantly enhanced in the Tg rabbits
compared with those recorded in the WT rabbits. At 24
weeks of age, the ERG waveforms representing the photo-
receptors and OFF-bipolar/horizontal cell responses were
significantly decreased, but those representing the ON-bipo-
lar cell and third-order neuronal responses were still pre-
served in the Tg rabbits.

Conciusions. A depolarizing pattern of the cone ERG responses
was seen in Pro347Leu Tg rabbits. The enhancement or pres-
ervation of the ON-bipolar cell response in the ERGs contrib-
uted to shaping the waveform in the Tg rabbits. In this model,
the functional alterations in the ON-pathway took place before
the deterioration of cone photoreceptor function. (frnvest Opb-
thalmol Vis Sci. 2011;52:7610-7617) DOL:10.1167/iovs.11-7611
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Mineo Kondo,>> Hiroko Terasaki,?

he retinal degeneration in eyes with retinitis. pigmentosa
(RP) is caused by mutations of different genes related to
the photoreceptors and retinal pigment epithelinm. Rhodopsin
is a photosensitive molecule that is expressed in ‘the photore-
ceptor, and more than 100 distinct mutations of the rhodopsin
gene have been found to be associated with dutosoma] domi-
mant retinitis pigmentosa (adRP) (http://www. sph uth.tme.
edu/RetNet/; provided by the University of ‘Texas Houston
Health Science Center, Houston, TX).'™> Among these, muta-
tions near the carboxyl terminus of the rhodopsin gene (¢ g.,
Pro347Leu) are associated with poorer visual outcome than
those near the amino terminus (e.g.; 1.’1'025His).“‘5
Animal models are used to acquire information on the
pathophysiology of diseases and to develop new treatments.

 Most of the animal models of adRP are murine models that have

progressive photoreceptor degeneration similar to that in hu-
man adRP.*® However, the small size of the murine eves
makes it difficult to perform surgery and other procedures on
them and has led to the development of larger animal models
of adRP ‘

Peng et al.*® created transgenic swine with the Pro347Leu
thodopsin mutation. More recently, Kondo et al.'' created
transgenic rabbits carrying the Pro347Leu rhodopsin mutation
(1), and these rabbits were shown to have a progressive loss
of photoreceptors. Kondo et al. used the electroretinogram
(ERG) to demonstrate that the rod function was lost before
cone function in Tg rabbits. This effect is similar to the course
of the functional changes in humans with adRP. Because rab-
bits have large eyes, multiple intravitreal injections of drugs,
implantation of retinal prostheses, and cell-based therapy can
be performed on them.

The intravitreal injection of drugs (e g., glutamate ana-
logues) that block specific receptors on the retinal neurons has
been used to determine the contribution of different retinal
neurons to the ERGs. For example, Sakai et al.'? showed that
an intravitreal injection of tetrodotoxin (T'TX), which blocks
the voltage-gated sodium channels of the retinal ganglion cells
(RGCs) and amacrine cells,'>'* eliminated the enhanced OPs
inyoung Tg rabbits In addition, our laboratory has shown that
the ON-bipolar cell contribution to the multifocal ERGs
(mfERGS) was significantly enhanced in ‘Tg rabbits at the early
stage of retinal degeneration.’® These results, obtained by
pharmacologic dissection of the retinal circuits, showed that
the inner and middle retinal responses were altered in the early
stage of photoreceptor degeneration-in T'g rabbits.

Cone ERGs are dominated by contributions from ON- and
OFF-bipolar cells. An imbalance between the ON- and OFF-
bipolar cell responses and the presence or absence of horizon-
tal feedback to the cones results in cone ERGs with either a
depolarizing or a hyperpolatizing pattern,t

We compared the waveform of the cone ERGs of ”l g rabbits to
those of WT rabbits and showed that the cone ERGs of the Tg

Investigative Ophthalmology & Visual Science, September 2011, Vol. 32, No. 10
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rabbits have a depolarizing pattern. We also used pharmacologic
agents to dissect the cone ERGs elicited by long-duration stimuli
to investigate how the different types of retinal neurons contrib-
ute to the depolarizing pattern of the ERGs in ‘1'g rabbits,

MgerHODS
Animals

We used heterozygous Pro347Len shodopsin Tg rabbits, line
have the highest level of transgene expression and the most severe
photoreceptor degeneration.”! Thirteen 10-week-old Tg New Zealand
albino rabbits were purchased from Kitayama Laboratories Co., . Ltd.
(Nagano, Japan) and kept in the animal colony until the experiments.
Thirteen wild-type (WT) New Zealand albino rabbits were used - as
controls. The experiments were performed on different sets of rabbits
at 12 and 24 weeks of age.

All animals were housed and handled under the authorization-and -

supe

ision of the Institutional Animal Care and Use Committee of the

Iwate Medical University. All the procedures: involving - the ‘rabbits...-

conformed to.the ARVO Starement for the Use of Animals in Ophthal-
mic and Vision Researcl. : )

ERG Recordings

The rabbits were anesthetized with a loading dose of intramuscular xyla-

zine (2 mg/kg) and ketanune (25 mg/kg), and anesthesia was mamtamed
by hourly injection of a mixture of xylazine (1 mg/kg) and ketamme (13
mg/kg) The pupils were maximally dilated with a mixture of 0.5% twopi-
camide and 0.5% phenylephrine HCI applied topically.

After the cornea was anesthetized by topic al oxybuprocaine, a
contact lens electrode containing light-emitting diodes (LEDs, EW-102;
Mayo, Nagoya, Japan) was inserted. The Ii‘l)é provided homogenous
white (color temperature, 4000 -9000 K) stimuli and background illu-
mination The luminance was measured at the corneal suwrface with a
photometer (model L$-100; Minolta, Tokyo, Japan). The ¢haracteristics
of the contact lens electrode have been described in detail. ¥ A needle

reference electrode was inserted sub(‘ul'mcouslv into the Jorf:head .

and the ground elecirode was placed on the nghl ear Jobe.

The cone ERGs were elicited by stimuli-of 150-ms duration presented
on a diffuse white background of <40 cd/m?: The animals were - Jight
adapted by the white background light of 40-¢d/m? for at least 10 minutes
before the cone ERG recordings. The ERGS were amplified 5000X and
band-pass filtered from:0.5 to 1000 Hz (Neuropack MED 5210; Nihon
Kohden, Tokyo, Japan). The stimulus intensity ranged from 1.5 10 3.5 log
cd/m* with increments of 0.2-, 0 3-, or 0.5Jog unit steps. The intensity and
duration of the stimuli were controlled by an electronic function genera-
tor (model WLS-20; Mayo) connected to the LEDs.

Drug Injections

TTX (Latoxan, Yalence, France), N-methyl-nr-aspartic acid (NMDA), 2-ami-
no-4-phosphonobutyric acid (APB), and cis-2, 3-piperidine-dicarboxylic
acid (PDA) were plu‘d‘];lst'd from kSigm:\xAldrich (St. Lonis," MO) and were
injected into the vitreous cavity. of the Tg and WT rabbits. Each of these
drogs blocked the activity of a specific type of retinal neuron, which then
allowed us to determine the: neuron’s contribution to the ERGs.

First, TTX-FNMDA were injected into the vitreous. TTX blocks
voltage-gated sodium’ channels and thus blocks action potentials pro-
duced by RGCs and spiking amacrine cells "> NMDA depolarizes the
different types of amacrine cells and most RGCs,” rendering them
unresponsive to light stimuli. T]iercfor@ the third-order neuronal re-
sponses should have been largely eliminated after an intravitreal injec-
uon of TTX+NMDA.”!

Second, APB was njected intravitreally APB is an agonist of
metabotropic ‘glutamate receptor type 6 (mGluRG) and blocks the
wmpuc transmission, between the photoreceptors and ON-bipolar
cells. > Finally, we injected PDA which is an antagonist of AMPA/KA
class ionotropic glutamate receptors (iGIR) and blocks the light re-

7. which

: mlcns't’ v
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sponses of OIF-bipolar cells, horizontal cells, and many amacrine and
RGCs ™ Because PDA 1s not commercially available, 6-cyano-7-nitro-
quinoxaline-2,3-dione (CNQX), which has effects similar to those of

- PDA on retmal neural cells and ‘ERGS: was used in some of the

: 24,25
experiments.”

Tach drug was dissolved in normal saline, and the pH was adjusted
0 6.8 to 72 with 1 N NaOH Then, a 30- -gauge needle attached to a
1-mL syringe was inserted 3.5 mm posterior to the corneal limbus into
the midvitreous, and 0.04 mL of the solution was injected. The esti-
mated concentration of each solution was 4 M for TTX; 5 mM for
NMDA, APB, and PDA Alld 200 pM for CNQX, assuming a complete
mixing in the 1.2:mL vitreous of rabbits 2 These estimated concentra-

.tions of the drugs were determined according to earlier studies in

12,18,21.:

rabbits and primates. “% The ERG recordings were made be-

~tween 60 and 90 minntes after the intravitreal injection of each phar-

macologic agent or agent (()mbm‘\lmn

Statistic Analyses

A‘two-way repeated-measures ANOVA was uacd to compare the inten-
q:tv—u.spon\e curves of the WT mbbus to those of the Tg mbbits In
Addmon, two-tailed Student’s 7 tests were-used 1o determine the sta-
tistical significance of differences in the amplitudes at each stimulus
between the 'WT and the Tg mbbim The level of statistical
significance was set at P < 0.05 (Prism 5 1; GraphPad Software Inc.,
San Diego, CA)

ResuLrs

Cone ERGs of Tg and WT Rabbits Elicited by
Long-Duration Stimuli

All ERG waveforms in this article represent the averaged ERGs
recorded from three or five animals. For example, the ERGS
shown in Figure 1A were recorded at a stimulus intensity of 3.0
log cd/m? in five W' rabbits and then averaged (represented
by the thick line).

The cone ERGs dlicited by long-duration stimuli-from the
12- and 24-week-old Tg (red lines) and WT (black lines) rabbits
are shown in Figure 1B. The ERGs shown are the averages of
five animals. At 12 weeks of age, there was no difference
berween the Tg and W’I rabbits in the amplitudes and implicit
times of the b-wave for all stimulus intensities. However, in Lhc
intermediate stimulus range between 2.0 and 3.0 log cd/m? N
the potential level after the b-wave peak remained elevated and
did not return to the baseline until the stimulus was tumned off
in the 'Tg rabbits. ‘The waveform in the ‘1'g rabbits scen in this
intermediate stimulus range had a depolarizing partern. On the
other hand, the potential level after the b-wave rapidly re-
turned to bascline level in the WT rabbits. The waveforms of
the Tg rabbits at the lowest and highest intensities did not
differ noticeably from those of the WT rabbits. In the Tg rabbits
24 weeks of age, a depolarizing pattern was also seen at the
intermediate stimudus intensitics.

Waveform Changes in Cone ERGs after

Intravitreal Drug Injections

‘The changes in the shape of the ERGs of the 12-week-old WT
rabbits after each drug ijection at a stimulus intensity of 3 0
log cd/m? are shown in Figure 2A. The ERG waveforms of five
animals were averaged. After the intravitreal injections of TTX
and NMDA (post-TTX+NMDA), the ERG waveforms became
more positive and square shaped with a loss of the oscillatory
potentials.

Then, APB was injected intravitreally to block synaptic
transmission between the photoreceptors and ON-bipolar
cells. After the injection of APB, the b-wave disappeared and
the ERG had a negative shape, which was derived from activity
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A b
- Averaging
1501 150 ms 50 uv
Bkk: ‘ 12k ks f . 24 ks-of:- —
_loged/ m? La-weeks-ol-age -weeks-of-age
15 ——

TFicurs 1. (A) Averaged ERG wave:

o forms recorded: from five individual” -
rabbits: (B) Averaged waveforms of

of cone photoreceptors and OFF-bipolar/horizontal cells (post-
TIX+NMDA-+APB). Finally, PDA was injected to eliminate

responses fromi - OFE-bipolatr/horizontal celis, leaving a small,

slow, negative response originating from the cone photorecep-

t()lfSk (post-’l"]‘X+NMDA+APB+PDA').

Isolation of Responses from Each Type of
Retlnal Neuron

l)xg;ml subtraction of the ERG waveforms thmucd the com-
ponents-that were blocked by the drugs. Therefore, by sub-
tracting the post-TTX-+NMDA ERGs from the pre-T'TX+NMDA
ERGs. (baseline waveforms), the response of the third-order
neurons could be isolated (Fig. 2, A minus B). By subtracting
POst-TTX+NMDA+APB from the post-TTX+NMDA waveform,
the. ON-bipolar cell response was isolated (Fig. 2, B minus C).
Finally, we subtracted the postTTX-+NMDA+APB+PDA from

A Baseline waveform

B postTTX + NMDA

Lo A-B = Third-order neuronal response

M, T5meec

ERGs recorded. from:the Pro347Len:
Tg (n = 3) and WT (n = 35) rabbits at

12 and 24 weeks of age. Black and:
red lines” BRGs recorded from the
WI' and Tg rabbits, respectively.

sonv

the post I“Tx-l- NMDA+APB to 15()1dtt the OFF blpolar/hon/on-
tal cell response (Fig. 2, C minus D).

The isolated xcsponses unmstcd of bl()W wavcs, which
made it difficalt 16 determine ‘l peak of each wave. T hcreforc
we measured the amplitude at 75 ms 4fter the hg,ht omcL
(midway between onset and offset). The mum amplitudes with
the standard deviations are plottnd Agamst lhc stinmutus mun—
sities in hgmus 310 7.

Intensity-Response Curves of Pharmacologxcally
Isolated Responses ; ;
The averaged isolated cone photoreceptor responses of the Tg
rabbits were very similar to those of the WT. rabbits for all
stimulus intensities at 12 weeks of age (Fig..3A). The intensity-
response curve of the cone photoreceptors of the Tg rabbits
overlapped that of the WT rabbits, indicating that.the cone -

“FIGURii 2. Baseline waveform  (A)

f\\\__i

C postTTX + NMDA +APB

—B-C'= ON-bipolar cell 1’espoilse

and waveform' changes ‘after” intravit-
©réal injection. of TTX+NMDA “alone
B) or with, APB' (C), or APB+PDA"
@) Averaged wave (:forms of ERGs elic-
ited by 3.0 .cd/m? . from WT rabbits
5) at 12 weeks of age. Digitally

. 1=
\ . Subtiac led waveforms representing re-

D postTTX + NMDA +APB + PDA
= Cone photoreceptor response

- C-D = OFF-bipolar cell/horizontal response

sponses from the third- order neurons
(A minus B: baseline minus post
TTX+NMDA), ON- bipolar’ cells (B mi-
aus CpostTTX-+HNMDA minus post-
TIX-+NMDA+APB), and OFFEbipolat/-

—1

75 msec N S horizontal cells (G minus ‘D: post-
TTXA-NMDA+APB . minus . postTTX+
< . NMDA+APB+PDA). The amplitudes of
. 50 uv . o
D ) . BRI S A . each wave were measured at 75 ms afier.
150 ms 150 ms ) ) ’

light onset.
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FIGURE 3. (A) Averaged waveforms o 25 7 25 1
of the cone photoreceptor rc'spone:es; 3 90 A e Tg 20 -
from Pro347Len Tg (n = 5) and W' 4
(3 =3) rabbits at 12 and 24 weeks 01' - 151 15 4
age. Black and red lines: ERGS re’ P
corded from WT and Tyg rabbits, re- = 101 10 1
spectively. The amplitudes -of. the { 'E r i
cone photoreceptor. .Tesponses are § :
ploued against . stimulus intensities g‘ 0 Y v T - 0 . e r .
for (B) 12- and (C) 24-week-old Tg. < 710 157 20 25 307 350 49 16 15 20 25 30 35 40

and \‘('”1 rabb)ts err b‘m SD.

photoreceptor fanction remained unchanged in the Tg rabbits
at this age (Fig. 3B). At 24 weeks of age, the averaged cone
photoreceptor responses of Tg rabbits weére less negative than
those of WT rabbits (Fig. 3A). The curve of the Tg rabbits was
significantly lower than that of the WT at all stimulus intensities
(P < 0.0001), indicating a dccredsc in cone ‘photoreceptor
function (Fig. 3C).

The ON-bipolar cell ‘rcsponse consisted of a slow, positive,
trapezoid-shaped wave in both the Tg and WT rabbits. Inter-
estingly, at ‘12 weeks of ‘age, the averaged ON-bipolar cell
responses of the Tg rabbits were more positive than those of
the ‘WT rabbits, éspecially at stimuli from 1.7 to 2.7 log cd/m®

log ¢d/m?

(Fig. 4A). The intensity-response curve of the ON-bipolar cells
of the Tg tabbits was A]Wa ys significantly higher than that of
WT rabbits, espccm]}v in the intermediate intensities from 1.7
to 2.7 log cd/m? (Fig. 4B; P < 0.05-0.001). The intensity-
response curve of the Tg rabbits was significantly different
from that of the W rabbits (P < 0.0001). The sensitivity of the
isolated ON-bipolar cell response was taken to be the stimulus
intensity necessary to elicit one half of the maximum ampli-
tude of the ON-bipolar cell response. From the intensity-
response curve of each animal, the sensitivity of the ON-bipolar
cell response was obtained and then averaged for the Tg and
W rabbits at 12 and 24 weeks of age. The sensitivity of the

A 12-weeks-of-age 24-weeks-of-age
ON—bipolar cell response ON-bipolar cell response
log cd / m?
1.5 e T e e
1.7 R e .,

20
25
27
3.0

35

150 ms

FIGURE 4. Averaged waveforms of
the digitally subtracted response of
the ON-bipolar cell recorded from
Pro enTg (7 = 3)and WI'(n =
5) rabbits at 12'and 24 weeks of age
(A). Black and ved lines: ERGs re-
corded from WT and Tg rabbits, re-
spectively. The amplitudes” of the
ON-] blpolar cell rexpomea are plotted

150 9
o Tg

8 WT

100

h
(=]
i

| 50 v

12-weeks-of-age —~

150ms

24-weeks-of-age

against the stimuilus  intensities for
(B) 12- and (C) 24-week-old Tg and
WT rabbits. Error bars, SD.

Amplitude @75 ms (V)

1.5 20

o

log cd/m?

30 35 40

15 20 25 30 35 40
log cd/m?
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ON-bipolar cell response at 12-weeks-
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FIGURE 5. (A) Averaged ON-bipolar
cell responses obtained by digitally
subtracting the postTTX-+NMDA+
CNQX+APB from the postTIX-+
NMDA+CNQX Black and red lines:
ERGs recorded from 12-week-old WT
(n = 3) and Pro347Len Tg (1 = 3)
rabbits, respectively. (B) The ampli-
tudes of the ON-bipolar cell responses
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0N—bii§6]ar cell was significantly highef (P < 0.0000005) iﬁit].iﬁen :
Tg rabbits than in the ' WT rabbits at 12 weeks of age (Table 1). =

This result indicates a hypersensitivity of the ON-bipolar cell of
the T'g rabbits at the early stage of photoreceptor degeneration.
At 24 weeks of age, the ON- -bipolar cell response was no longer
enthainced in the Tg rabbits, and most of the intensity-response
curve of the Tg rabbits overlapped that of the W'T rabbits (Figs.
4A, 4C). There was no significant difference in the sensitivity
between the Tg and WT animals at this age (Table 1).

The feedback from the horizontal cell to the cones. could
affect 111(, ON-bipolar cell responses Aftcr APB was m;eued and
before blocking the horizontal cell actmty After blocking the
third-order neuronal activity by the TT ‘§+NMDA injections, we
mlcued CNQX before the APB m]u.uons in three Tg and WT

rapbits at 12 weeks of age. Then, we isolated ON- mpoidr ceil.

FESponses - thout the contribution of the hor izontal cell feed-
back by sublmcuno the post-T] 1%+NMDA+CNQX+APB from
the pOSt l"I'>s+NMDA+( NQX. The ON- blp()]‘ll‘ cell Tesponses

of Tg rabbits were more positive than those of WI' rabbits (Fig..

DA), and there was a significant difference in the intensity-
response. curves between Tg and W' rabbits (Fig. 58; P <
00001) These findings are identical with those obtained by

‘12-weeks-of-age

20 25 30 35
- log cd/m?

are plotted against the stimulus inten-
sities for 12-week-0ld Tg and WT rab-
bits. Error bars, SD.. ; i

the APB applications before the PDA injections (Fig. 4), sug-
gesting that the horizontal cell. feedback was unlikely: to have.
contributed to the enhancement of the ON b1p()1‘n cell e
apons(, in the Tg rabbits at 12-weeks of age.

The isolated OFF-bipolar/horizontal cell reésponse (_()llblsl(‘d ‘
of a'small, negative wave. At 12 weeks of age, the waveform of

-the OFF-bipolar/horizontal cell responses of the Tg rabbits was

similar to that of the WT rabbits (Fig. GA). The 111[cn:>1ty~

response curve of the OFF-bipolar/horizontal cell response of

the Tg rabbits overlapped that of the W rabbits (Fig. 6B). At

24 weeks of age, the OFF- blpolar/honzonta] responses of the.
Tg rabbits. were swmﬁulmly lower than those of the WT
rabbits (P < 0.0001) at all stimulus, intensities: The responses

of the W' rabbits had a negative shape, with the amplitudes
comparable to those at J” weeks of age (T'ws 6 A, 6C)...

The third-order neuronal response consisted of a slow neg-
ative wave with oscillations corresponding to, the: onset and
offset. of the stimulus (Fig: 7A). At 12 weeks of age, the wave-
form in the Tg rabbits was more nemmvc thm that in the. W T.
rabbits for stimuli from 1.5 to 2 5 10«7 Ld/lll (Fig. 7A). The
amplitudes of the third- order neuronal responses were signifi-
cantly larger in the Tg than in the WT rabbits from 1.5 to 2.0

24-weeks-of-age

——

2‘4;week“s—of-age

150 ms

FIGURE 6. = (A) Averaged waveforms .
of the digitally subtmctr:d Tesponse.
of the OFFE l):p()Lu/homonml cell re-
corded fmm Pro34 Leu Tg (1= 5).
and WT (n 3) mbbx 12 and 24
weeks of age. Black and aed Jines:
ERGs recorded from WT and Tg rab-
bits, respectively. The amplitudes of
the. OFF-bipolat/horizontal . cell  re-

s,

o k4;‘) sponse are plotted Agamat mtenasme;
L - of stimuli for (B) 12 and () 24 week-,

25

20 35

A OFF;blpolarlhorlzontal cell response 0FF~b1polar/houzontal cell response
log cd/m?
15,
17 ]
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2.7 —— et
,3@ o ,
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e ‘ S0PV oo
150 ms
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fog cd/m® (Fig.
oscillations
slow negative

7B, P < 0.001). In 24-week-old Tyg rabbits,
'iuicd by O\’ stimuli were uunmucd but the
ruponsc was not d(:uc‘zls(.d (hos 74, 70).

DISCUSSION

Our results showed that the ERG component reflecting the
ON-bipolar cell responses was enhanced at the early stage of
photoreceptor degeneration in Pro347Leu Ty rabbits. 1n addi-
tion, the third-order neuronal responses were enhanced in the
Tg rabbits. At a more advanced stage,
third-order neuronal responses were preserved despite func-
tional 1oss of the cone photoreceptors and ‘OFF- 1:»;p<)h1r/hon~
zontal cells. These results stiggest that the light responses of
neurons in the ‘middle or inner retina were altered before the
cone photoreceptors showed functional evidence of degener-
ation. i

Depolarizing Pattern and
Photoreceptor Degeneration

The presence of a depolarizing or a hyperpolarizing pattern of
the cone ERG suggests abnormalities of signal transmission
between the cone photoreceptor and the bipolar cell. Sieving
etal '8 termed the characteristic waveform of the cone ERGs
elicited by long-duration stimuli a *depolarizing pattern,” when
the potential level after the b-wave does not return to the

Tapre 1. Sensitivity of ON-Bipolar Cell Response

l.l weeks of age 24 weceks of age

Tg wT Tg wT

185+ 003 219003 2.16 = (.06 207 ® 0.06

P <0 0000005 NS

Tabulated values give mean & SD of intensity for 1/2 amphtude
maxdog cd/m? ),

the ON-bipolar and-

baseline level but remains elevated. Experimentally, ERGs with
a depolarizing pattern have been recorded after the signals
from the cones to the OFF-bipolar/horizontal cells are blocked
by glutamate analogs, such as PDA and/or kynurenic acid
(KYN).

Although experimental evidence has demonstrated that this
unusual waveform is- due to abnormalities of the synaptic
transmission between the cone photoreceptors and the OFF-
bipolar cells, a depolarizing pattern of the cone ERG has also
been reported in human photoreceptor discases. Sieving
reported a case of unilateral cone dystrophy with a depolariz-
ing pattern of the cone ERG. Kondo and Miyake® reported a
case of macular degeneration with a depolarizing pattern of the
focal macular ERG. We also reported a case of age-related
macular degeneration (AMD) that had a depolarizing pattern of
the focal macular ERG after photodynamic therapy.” 51 Common
to these cases with a depolarizing pattern of the ERG was that
the known abnormalities were mainly of the photoreceptors
rather than the bipolar cell. The depolarizing pattern of the
long-duration cone ERGs was scen in animal models with
photoreceptor degeneration in the present study, adding fur-
ther evidence that eyes with photoreceptor discases can have
a depolarizing pattern of the cone ERGs.

Enhancement of ON-Bipolar Cell Responses

We found that the ON-bipolar cell responses, extracted by the
use of APB, were enhanced for all the stimulus intensities at the
carly stage of degeneration when the rod photoreceptor de-
generation had already begun.'! 'This finding is consistent with
our previous result in which the ON-bipolar cell response
extracted from the mfERGs was enhanced in the Tg rabbits at
the same agc.‘(’ Because the cone photoreceptors and - the
OFF-bipolar/horizontal cell responses appeared to be nearly
functionally normal at this stage, the loss of the rod photore-
ceptor may be involved in the enhancement of the ON-bipolar
cell responses.

Similar findings have been made in rhodopsin- knod;out
mice**3* without rod outer segments as well as in neural retina

leucine zipper (N1l) knockout mice in which the rods fail to
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develop and all photoreceptors are replaced by cones.’ ‘

both mouse models, the photopic cone b-wave amplitudes”
were larger than normal.** 37 Because the contribution of the”™
OFF-bipolar/horizontal cell response to the ERG is very small i«
mice, the enhancement. of the cone b-wave indicates an.aug- -

mentation of the ON-bipolar cell response of the cone ERGs.
These findings support our results and suggest that the func-
tional loss ‘of rods could be a trigger for the enhanced ON-
bipolar cell response of the cone ERGs.

Enhancement of the Thnd-()rder
Neuronal Response

The slow negative wave of the third-order neunronal response
was enhanced at 12 weeks of age in the Tg rabbits and per-
sisted at 24 weeks of age. The negative response most likely
represents mainly the ON-photopic negative response (PhINR)
which is driven by the ON pathway.>® This finding corre-
sponds to the enhancement of the ON-bipolar cell response,
suggesting that enhancement of the ON-bipolar cell response
contributes' to lhe alterations in the third-order neuronal re-
sponse.

Alternatively, thcu is evidence that the third-order neurs on‘l!
responses are more preserved than the bipolar cell responses.
We have shown that the NMDA-sensitive components of the
cone ERGs are better preserved than the b-wave in RCS rats
despite the progréssion of photoreceptor degeneration > It
has been reported that the TTX-sensitive components of the
cone ERG are enhanced in Tg rabbits at the early stage.'”

Synaptic Remodeling

Several immunohistologic studies of animal models with rod
degeneration have demonstrated that the rod bipolar cells
develop new synaptic connections with the functional cones
after they lose their original connections to the rods because of
rod. degeneration.*®*® This ectopic synaptic formation be-
tween surviving cones and rod bipolar cells may explain the
significant enhancement or preservation of the ON-bipolar cell
responses in ‘T'g rabbits.

At 12 weeks of age, the loss of rod-function had already
started with a decrease in rod photoreceptors,”” whereas cone
photoreceptor function was normally preserved. Our hypoth-
esis of synaptic remodeling can explain the enhancement of
the ON-bipolar cell response in the Tg rabbits, although this
hypothesis is based solely on functional data without any his-
topathologic evidence of synaptic remodeling in this model. In
the normal state, the cone photoreceptors connect to ON- and
OFF-bipolar cells, whereas the rod photoreceptors connect .
exchusively to ON-bipolar cells. After the rod photoreceptors.
start to degenerate, the rod bipolar cells receive signals from
cones through newly developed synapses, which may contrib-
ute to shaping the ON-bipolar cell response of the cone ERGs,
possibly leading to the enhancement of the ON-bipolar cell
response. ‘ :

In clinical cases of RP, Marc et al.** demonstrated a signif-
icant increase in the number of OFF-bipolar cells expressing
functional ionotropic glutamate receptors (iGluR) in an RP
patient who had swrviving cones with shortened outer seg-
ments. They suggested that rod bipolar cells switched contacts
to cones and expressed iGluR representing the functional char
acteristics of OFF-bipolar-cells, whicly is not consistent with
our ERG data. However, their patients had advanced RPs in
contrast to the early stage of rod photoreceptor degeneration
in our animals.

Increased Sensitivity of ON-Bipolar Cell Response

Although there was no difference in the maximum amplitude
of the ON-bipolar cell responses between the Tg and the WT

k the WT.

IOVS, September 2011, Vol. 52, No. 10.

rabbits at 12 weeks, the ON-bipolar response was larger in the
Tg than in the WT rabbits in the intermediate stimulus intensity

rafige. As a result, the sensitivity of the ON-bipolar cell re-

sponse was increased in the Tg rabbits compared with that in

__Although the mechanism of the hypersensitivity of the ON-
bipolar cell response remains undetermined, similar findings

“have been obsérved in the rod b-wave of thodopsin transgenic

rats carrying the Pro23His mutation.”>*® In this rat model,
despite progression of rod photoreceptor loss, the sensitivity
of the rod b-wave was increased or maintained.

Limitations of the Study

The isolatéd OFE-response consisted of a slow negative wave of

low amplitade compared with that of the monkey ERGs.*® This

indicates that the OFF-bipolar cell responses contribute less to

“'the shaping of the cone ERGs in rabbits than in' monkeys."

These findings also indicate that the ON-bipofar cell responses

_dominate the OFF-bipolar cell ‘response, even in norimal rab-

Dbits ‘The highest intensity of stimuli produce a dtpohuzmti
pattern of the long-flash cone IZRG in WT' rabbits, whereas,
primate and human cone ERGs with high intensities show a .
negative waveform because of the photopic hill effect.** The
relationship between the stimulus intensity and waveform of

~the rabbit ERG is different from that of human ERGs. There-
fore, the results of the present study could not be snnplv
applied to human ERGs in the diseased state.

A search of PubMed did not reveal any studies on RP cases
with a depolarizing pattern of the cone ERG. On other hand, a
hyperpolarizing pattérn of the cone ERG and dyafunctmn of
the ON-bipolar cell have been reported in RP patients. *>*¢ The
swine model with the Pro347Leu rhodopsin mutation showed
abnormal development of the OFFpathway ™ These fanc-
tional findings of the clinical cases and the swine model are 16t
consistent with our results. The difference in species or in the
stage of disease may have contributed to these discrepant
findings. ‘

CONCLUSIONS

A depolarizing pattern of the cone ERGs elicited by lono—
duration stimuli was seen in Pro347Leu Tg rabbits. The phar-
macologic dissection_ of the cone ERG demonstrated that the :
enhancement or preservation of the ON-bipolar cell response.
contributed to shaping the specific waveforms in Tg rabbits. In -
this model, functional alterations of the ON-pathway took
place before the cone photoreceptor function began to dete-:
riorate. ;
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Abstract

Purpose To present a case of melanoma-assomated
retinopathy (MAR) associated with an mtranasal
melanoma.

Case report A 77-year-old Japanese man visited us
complaining of night blindness, blurred vision, and
color vision difficulties in both eyes. His best-

corrected visual acuity was 0.7 in the right and 1.0.

in the left eyes. The rod response of the electroret-
inogram (ERG) was abolished, and the maximum
response had a negative waveform. The a-wave of the
single-flash cone response was square shaped, and the
b-wave was delayed. The ON-response of the long-
flash cone ERG was absent, but the OFF-response
was preserved. A severe loss of retinal sensitivity was
detected by static - perimetry: Positron emission
tomography showed no abnormal signs. Six months
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after the initial examination, an intranasal tumor was
detected and surgically removed. The final diagnosis
based on hlstopathology was mallgnant melanoma

Conclusion Our case demonstrates that MAR can
be associated with an intranasal mucosal melanoma
Thus, in cases where the ‘primary - lesion cannot be
identified in paflents with MAR -like symptoms and

signs, we recommend that preferentlal sites of

‘mucosal melanomas ' be examined."

Keywords Melanoma -:Melanoma-associated -
retinopathy - Intranasal melanoma - Mucosal
melanoma - Electroretinogram - -

Introduction -

The paraneoplastic syndromes are caused by autoim-
mune mechanisms associated with malignant tumors.
Melanoma-associated retmopathy (MAR) is compli-
cated by cutaneous mahgnant melanomas [1—3], and
they are characterized by the loss of the function of
ON—blpolar cells [4, 5]. Antibodies have been found
in the sera against the blpolar cells of patients with
MAR [6]. In addition, Lei et al. [7] demonstrated that -
an intravitreal injection of the sera obtained from
MAR patients blocked the ON-blpolar response of
the “electroretinograms (ERGs) in® monkeys. This
suggested that antibodies circulating in the serum
probably penetrated the blood-retinal barrier and
altered the retinal function in patients diagnosed with
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MAR. Most recently, it was reported that autoantl-

is very rare in the Japanese P

opulation; and only one
case of MAR has been published in J apan:,[ ]:dn th1s

normal structure and thickness of each retinal layer

- (Fig. 1c). The nght eye had an abnormal configura-
 tion. of the macula that had been repaired by the
f_‘~macular hole surgery.

We measured the cnt1ca1 ‘ﬂlcker fusmn frequency
»CFF) by begmmng w1th a hrgh frequency stimulus

 that the patlent reported to be steady, i.e., fused. The
Mfrequency was slowly decreased until the patient
 reported that the stlmulus appeared to be flickering.

S ““ThlS frequency was taken as the critical fusion

other than a. cutaneous
elsewhere ‘

present a case of MAR assocrated w1th an intranasal
melanoma that is a rare site and accounts for less than
1% of all malignant melanomas [15]. A search of
PubMed did not extract any publication of MAR
associated ‘with'a mucosal melanoma.

Case report

A 77-year-old Japanese man visited us in January
2008 complaining of metamorphopsia and decrease
of vision in his right eye. His right eye had a macular
hole, which was repaired by vitrectomy combined
with cataract surgery. His symptoms disappeared

with restoration of vision. He had skin carcinoma in

1998 and colon carcinoma in 2000, which were
surgically removed. Otherwise, he had no medical
history of any diseases.

He visited us in October 2009 complaining of an
acute depression of night vision in the right eye that
was followed by the same symptom in the left eye
2 weeks later. He also complained of blurred vision,
photophobia in his right eye, and difficulty in
discriminating blue from green. His best-corrected
visual acuity (BCVA) had decreased from 1.0 to 0.7
in the right eye, but remained at 1.0 in his left eye. A
mild invasion of inflammatory cells was found in the
right vitreous. The ocular fundus appeared normal
except for a slightly pale optic disc in the right eye
(Fig. 1a and b). Spectral-domain optical coherence
tomography (SD-OCT) of the left eye demonstrated

@_ Springer

- ‘; freque‘ Y- In tlns way, we determmed that the CFF

flectrodes carrymg hght-emrttmg diodes (LEDs:
Mayo 71Nagoya Japan) ‘which provrded the white

-:_stlmulr and background hght,;The luminance of the
' stlmulus and background light at the corneal surface

was measured with a photometer (Minolta LS-100,
Minolta, Tokyo, Japan). The rod and maximum
ERGs were elicited by white stimuli of luminances
0.48 and 3.3 log cd/m? respectively, with 3-ms
stimulus duration. The cone ERGs were elicited by
3.0 log cd/m? stimuli of 3 ms duration, and the 30 Hz
flicker ERGs were elicited by 2.0 log cd/m?® stimuli.
Both cone stimuli were presented on a white back-
ground of 40 cd/m?. Long-duration cone ERGs were
elicited by a stimulus of 150 ms duration and a
luminance of 2.5 log cd/m® on the same background.
In addition, we recorded focal macular ERGs elicited
by a 15 degree stimulus spot with duration of 100 ms.
The stimulus and background intensities were 160
and 6.9 cd/m?, respectively.

In October 2009, the rod ERGs were extinguished,
and the maximal response had a negative waveform
(arrows in Fig. 2). The single-flash cone response had
a square-shaped a-wave (asterisk) and a reduced
b-wave amplitude and prolonged implicit time. The
amplitudes of the 30 Hz flicker ERGs were normal
but delayed. These ERG findings were compatible
with a loss of the ON-response [16].

The cone responses elicited by long-duration

stimuli showed a loss of the ON-response but

preservation of the OFF response (Fig. 3). The focal
macular ERG also showed a loss of the ON-response
with preservation of the OFF-response. These ERG
findings are not only consistent with those of
complete type of congenital stationary blindness
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Fig. 1 Fundus photographs and spectral-domain optical coher-
ence tomographic (SD-OCT) image of a patient with mela-
noma-associated retinopathy (MAR). a and b Fundi appeared
normal except for a slightly pale optic nerve head in the right

Fig. 2 Full-field standard
electroretinograms (ERGs)
recorded from an age-
matched normal subject and
our MAR patient including
rod, maximal, cone, and
30 Hz flicker responses.
Arrows in the maximal
response indicate reduced
b-wave amplitude with a
shape of the negative ERGs.
Asterisks indicate square-
shaped a-waves of the cone
ERG

eye. ¢ SD-OCT of our MAR patient and an age-matched
normal subject. In December 2010, the inber retina ‘of the
paramacula became thinner compared to the baseline (Novem-
ber 2009) or the normal subject (indicated by asterisks)

Red response Maximal response
Normal
Normal
. Right
Right eh e )
e
Lefte—o | 100 py Left\/\'\w !
, . V ¥ l 100 v
20 msec
20 msec
Cone response 30 Hz flicker
Normal
Normal
Right
Left
I 20 0V

ES

(cCSNB) in humans and in monkeys treated with an
intravitreal injection of 2-amino-4-phosphonobutyric
acid (APB) [17] but also with those of MAR.

20 msec

| 20 @tv

- 20 .msec

Static perimetry demonstrated severe loss of the
visual sensitivity, and the mean deviation was less
than 30 dB for both eyes (Fig. 4a). Kinetic

@ Springer-



194

Doc Ophthalmol (2011) 122:191-197

Fig. 3 Long-duration cone
electroretinogram (ERG)

and focal macular ERGs
demonstrate the selective.
loss of the ON-response
October 2009. The OFF
response was also . ci
attenuated in September .
2010 : e

e SEthémybﬁ;ér, 2010

Long-flash

cone response

Focal macular ERG

,Léfiff‘ N

RIght e

Left M Left W
20 1LYV ‘

Stim.: 150 msec

perimetry, however, showed a relative preservation of

the peripheral visual ﬁeld with central and para-

central scotomas (Fig. 4b).
Because we- suspected MAR based on the ERG
findings, we consulted a dermatologist who did not

find any signs of a cutaneous melanoma. Whole-body -

computed tomography (CT) and positron emission
tomography (PET) showed no signs of a malignant

tumor in .December 2009 (Fig. 5a). The patient

visited the Department of Otolaryngology because
of a feeling of left nasal obstruction in April 2010.
PET-CT demonstrated ’SF—ﬂuorodeOXy glucose
(FDG) accumulation in the left nasal cavity in May
2010 (Fig. 5b). MRI revealed a tumor occupymg the
left nasal cavity (Fig. 5c).

In June 2010, the tumor was surgically removed.
Histopathology showed features compatible with a
malignant melanoma, including a pigmented lesion
composed of diffusely distributed cells within the

submucosal layer. The neoplastic cells had round to
spindle-shaped nuclei with dense chromatin and

heavily pigmented cytoplasma A final diagnosis of
mahgnant melanoma was made by positive immu-
nomstologlcal staining for HMB-45 and S-100.

Sera from our MAR patient and a normal subject

were evaluated by immunocytochemistry. Immuno-

fluorescence was performed on cryostat sections of
unfixed rat retinas. Heavy immunostaining was seen

in the inner nuclear and inner plexiform layers with

@ Springer
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weak staining in the ganglion cell layer in the MAR
patient, while no staining was detected in the normal
control (Fig. 5d).

ERGs were recorded again in September 2010, 11
months after the visual symptom began. The long-
flash cone and focal macular ERGs demonstrated a
loss of the ON- and OFF-responses (Fig. 3). At the
final visit in December 2010, the BCVA was 0.01 in
the right and 0.03 in the left eye. SD-OCT demon-
strated a thinning of the inner plexiform and ganglion
cell layers in the paramacular regions of the left eye
(asterisks, Fig. 1c). A regional recurrence and metas-
tasis were not found at the final visit.

Discussion
MAR associated with mucosal melanoma

To the best of our knowledge, this is the first case of
MAR associated with a mucosal melanoma. Mucosal
melanomas preferentially affect mucosa of the nasal
cavity, paranasal sinuses, oropharynx, anus/rectum ‘
vagina, and urinary tract [10]. Mucosal melanomas
are more prevalent in lightly pigmented than heav11y
pigmented individuals. However, in Afncan—Amen-
can and Hispanic individuals, there is a higher
percentage of mucosal melanoma out of all melano-
mas than in white individuals (12.2% vs 1.3%). This
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Fig: 4 Perimetric findings in our patient with MAR. a Static perimetry. b Kinetic perimetry

would indicate that the relative incidence of mucosal
melanoma is high in highly pigmented individuals.
Thus, a mucosal melanoma should be considered to
be the primary site of MAR in pigmented individuals.

In most patients with MAR complicated by
cutaneous melanoma, the primary lesions were easily
1dent1ﬁed because the skin lesions usually preceded

the onset of MAR. The symptoms associated with an
mtranasal melanoma are nonspec1ﬁc so that it is

dlfﬁcult to make an early diagnosis. The first PET
1mage appeared normal and failed to 1dent1fy the
primary lesion. Therefore we recommend that
mucosal sites be examined more extenswely for
mucosal melanomas if the electrophysiological test
shows the typlcal features of MAR.

Discrepancies between visual tests

Interestmgly, the v1sual function measured by the
static penmetry was severely altered in our case in
contrast to being normal in cCSNB patlents in:
whlch the ERG findings are identical to MAR []8]

In the sera of the previous MAR panents several
kinds of antibodies were identified, mdlcatmg thatk
retmal elements other than the ON- blpolar cells. [14].
may be mvolved in the pathophysmlogy of MAR In.
our case, light staining was seen in _the xetmal
ganglion cell layer, suggesting the retinal _ganglion
cells were also impaired, which could explaln the.
dlfference in the visual function between MAR and
cCSNB.
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Fig. 5 a Positron emission tomography (PET)-computed
tomography (CT) could not find abnormal signs in December
2009. b PET-CT showed abnormal accumulation of *F-
fluorodeoxy glucose in. the left nasal cavity in May 2010.
¢ A tumor in the left nasal cavity was identified by MRI in May

Wolf and Arden found severe deficits in the
temporal contrast sensitivity in MAR patients,
whereas the spatial contrast sensitivity was relatively
well preserved at high spatial frequencies [19]. They
concluded that there is a selective loss of function of
the magnocellular pathway with functional preserva-
tion of the parvocellular pathway in MAR patients.
This could account for our finding that the CFF was
severely impaired despite good visual acuity.

SD-OCT findings in MAR
Recent advances of imaging the retina have enabled

us to evaluate the morphology of each retinal layer in
vivo. SD-OCT of our patient demonstrated normal

@ Springer

Patient Control

50 mm

2010. d Immunofiuorescence was performed on cryostat
sections of unfixed rat retinas. GCL ganglion cell layer, /PL
inner plexiform layer, INL inner nuclear layer, OPL outer
plexiform layer, ONL outer nuclear layer, OS outer segment

structure and thickness of each retinal layer at the
early stage of disease. However, progressive thinning
of the inner retina of the paramacular region was seen
1 year after the visual symptoms began. These results
suggest that functional loss precedes the anatomical
loss of the retina in MAR.

A histopathological study of postmortem retinas of
a MAR patient revealed no anatomic abnormalities
throughout the retina by light microscopy [20]. In
contrast to these findings, other histopathological
study of MAR patients showed marked reduction in
the density of bipolar cells with preservation of
photoreceptor cells [21]. The large variations in the
retinal histology of MAR patients may be because of
differences in the stage of the disease.
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