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Dominant Mutations in RPTL1
Are Responsible for Occult Macular Dystrophy

Masakazu Akahori,! Kazushige Tsunoda,! Yozo Miyake,!2 Yoko Fukuda,® Hiroyuki Ishiura,? Shoji Tsuji,3
Tomoaki Usui,* Tetsuhisa Hatase,* Makoto Nakamura,> Hisao Ohde,® Takeshi Itabashi,! Haru Okamoto,!
Yuichiro Takada,! and Takeshi Iwata!*

Occult macular dystrophy (OMD) is an inherited macular dystrophy characterized by progressive loss of macular function but normal
ophthalmoscopic appearance. Typical OMD is characterized by a central cone dysfunction leading to a loss of vision despite normal
ophthalmoscopic appearance, normal fluorescein angiography, and normal full-field electroretinogram (ERGs), but the amplitudes of
the focal macular ERGs and multifocal ERGs are significantly reduced at the central retina. Linkage analysis of two OMD families was
performed by the SNP High Throughput Linkage analysis system (SNP HiTLink), localizing the disease locus to chromosome
8p22-p23. Among the 128 genes in the linkage region, 22 genes were expressed in the retina, and four candidate genes were selected.
No mutations were found in the first three candidate genes, methionine sulfoxide reductase A (MSRA), GATA binding 4 (GATA4), and
pericentriolar material 1 (PCM1). However, amino acid substitution of p.Arg4STrp in retinitis pigmentosa 1-like 1 (RPIL1) was found
in three OMD families and p.Trp960Arg in a remaining OMD family. These two mutations were detected in all affected individuals
but in none of the 876 controls. Immunohistochemistry of RP1L1 in the retina section of cynomolgus monkey revealed expression
in the rod and cone photoreceptor, supporting a role of RP1L1 in the photoreceptors that, when disrupted by mutation, leads to
OMD. Identification of RP1L1 mutations as causative for OMD has potentially broader implications for understanding the differential

cone photoreceptor functions in the fovea and the peripheral retina.

Occult macular dystrophy (OMD) is an autosomal-domi-
nant form of inherited macular dystrophy characterized
by progressive decrease of visual acuity due to macular
dysfunction, which was first reported by Y.M. et al. in
1989.'* The disorder was called “occult” because of the
fact that the macular dysfunction of this disease is hidden
by a normal fundus appearance. Typical OMD, as described
by Y.M. et al., is characterized by central cone dysfunction
and in some cases rod dysfunction, leading to a loss of
vision despite normal ophthalmoscopic appearance,
normal fluorescein angiography, and normal full-field
electroretinograms (ERGs). However, the amplitudes of
the focal macular ERGs and multifocal ERGs are signifi-
cantly reduced, indicating dysfunction of the central
retina.”>* OMD is known for its broad range of age at
disease onset, from 6 to 81 yrs. Brockhurst et al. have re-
ported age at onset of four out of eight OMD patients at
over 65 yrs® and similar findings have also been observed
in earlier cases."” The patient 11I-3 in family 1 did not
notice any visual disturbance in her right eye even at the
age of 81 yrs.

The four families shown in Figure 1 demonstrate domi-
nant inheritance of the OMD phenotype. None of the
patients had ocular diseases other than OMD, except senile
cataract or diabetic retinopathy. Control family members
were confirmed to be normal via a complete ophthalmic
examination including focal macular ERGs or multifocal

ERGs. For this study, the ethics review committees of the
National Hospital Organization Tokyo Medical Center,
the Niigata University Graduate School of Medical and
Dental Sciences, and the Nagoya University Medical
School approved the study, and written informed consent
was obtained from both affected and unaffected subjects.

Linkage analysis of OMD families 1 and 2 was per-
formed. Fighteen individuals from family 1 and eleven
individuals from family 2 were genotyped by Affymetrix’s
Genome-Wide Human SNP array 6.0 in accordance with
the manufacturer’s instructions (Affymetrix, Santa Clara,
CA). DNA samples from family 2 were subjected to
whole-genome amplification with the use of REPLI-g
(QIAGEN, Tokyo, Japan) prior to SNP genotyping. With
SNP HiTLink® used as a pipeline, SNPs with a Hardy-Wein-
berg p value > f 0.001, a call rate of 1, and a maximum
confidence score > 0.02 were used for the analysis. SNPs
with the minor allele frequency of 0 in controls were elim-
inated from the analysis. Parametric multipoint linkage
analysis (autosomal-dominant model with a setting of
liability classes; age-dependent penetrance of 0.19, 0.55,
and 0.91 for 0-20, 2140, and > 41 yrs old, respectively,
and disease frequency of 0.000001) was performed with
Allegro version 2,” intermarker distance from 80 kb to
120 kb with the use of SNP HiTLink. Because of the limita-
tion of computational capacity, family 1 was divided into
two branches (branch 1-1: descendants of II-1; branch

National Institute of Sensory Organs, National Hospital Organization Tokyo Medical Center, 2-5-1 Higashigaoka, Meguro-ku, Tokyo 152-8902 Japan;
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of Medicine, the University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo, 113-8655 Japan; *Division of Ophthalmology and Visual Science, Graduate School
of Medical and Dental Sciences, Niigata University, Niigata, 757, Ichibancho, Asahimachidori, Niigata, 951-8510 Japan; SNakamura Eye Clinic, 107-10,
Kisei-cho, Nishi-ku, Nagoya, 452-0816 Japan; *Department of Ophthalmology, School of Medicine, Keio University, 35 Shinanomachi, Shinjuku-ku, Tokyo
160-8582, Japan

*Correspondence: iwatatakeshi@kankakuki.go.jp

DOI 10.1016/j.ajhg.2010.08.009. ©2010 by The American Society of Human Genetics. All rights reserved.

424 The American Journal of Human Genetics 87, 424-429, September 10, 2010



Figure 1. Autosomal OMD Families and
DNA Sequencing of RP1L1

(A) The four families shown demonstrate
dominant inheritance of the OMD pheno-
type. In all presented families, none of the
patients had ocular diseases other than
OMD, except senile cataract and diabetic
retinopathy. Control family members
were confirmed to be normal via a
complete ophthalmic examination in-
cluding focal macular ERGs or multifocal
ERGs.

(B) DNA sequencing of both p.Arg45Trp
and p.Trp960Arg mutations found in four
independent families.

A | Family1 112";'
| I EFré”
”;. 13) ZJZ"F‘ a5l s8] 7 8 112 13*1{_0 ‘SEGIH?ZIP
v 1&5 2[{_] 3& 4&)566& 7(53 9] 10+ 11* 127 13 14‘15&;5[_]__]17 18* :962052113226
1[2 > 4"
V.
Family 2 Family 3 Family 4
12 1.2 1.2
[ i = e O st
I 0o EBo e ehm OO @ Atosen (FRe wred)
[ o5 ® Obligate gene carrier
. n* Sample collected
B Rasw
G D P R>W F A G G D P R F A G

AGGGGATCCANIGGTTTGCTGG

AGGGGATCCACGGTTTGCTGG

a¢.3107T>C (p.Trp960Arg) mutation
in family 3 (Table 2). Additionally,

‘ )’r\-ﬂ‘v'[\’ﬂ‘\ "‘;“v;' ‘J{\’[ \ ! jl\\ /\ﬂ\ IM,'

known and unknown natural vari-
A ants were found in RPILI1, as shown
"i | f in Table S2. Unknown SNPs were
[ / submitted to the dbSNP database.

affected

WI60R

Vv R E W>R L D N v R E
GGTCCGCGAAYIGGCTGGACAA

unaffected

GGTCCGCGAATGGCTGGACAA

In these four families, all of the
affected individuals carried one of
the two mutations identified in this
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or possibility a later onset of the

b .;,IIV\\ \

1-2: descendants of II-7) for multipoint linkage analysis.
Haplotypes were reconstructed by Allegro.

The parametric linkage study of family 1 using SNP
microarrays and SNP HiTLink mapped the disease locus
to an approximately 10 Mb region of chromosome
8p22-p23 with a maximum LOD score of 3.77 (Figure 2).
Parametric linkage analysis of affected individuals only
produced similar results (Figure 3 and Figure S2 available
online). A common haplotype between 1s365309 and
152632841 was shared by all of the affected individuals
(Table 1). With the additional linkage study of family 2,
the cumulative parametric multipoint LOD score rose to
over 4 (Figure S1). A total of 128 known genes were found
within the approximately 10 Mb linkage-associated region,
containing 22 retina-expressed genes as candidates for
mutational analyses. No mutations were found in the first
three candidate genes, methionine sulfoxide reductase
A (MSRA), GATA binding 4 (GATA4), and pericentriolar
material 1 (PCM1). However, a ¢.362C>T (p.Arg45Trp)
substitution in retinitis pigmentosa 1-like 1 (RPIL1 [MIM
608581]) was found in all affected individuals in family
1. We further extended the mutational analysis of RPIL1
to three other families with autosomal OMD, and we iden-
tified the p.Arg45Trp alteration in families 2 and 4 and

unaffected

disease for these individuals. Both
mutations were absent in 1752 Japa-
nese control chromosomes.
Immunohistochemistry of RP1L1 in the macula section
of primate Cynomolgus monkeys (Macaca fascicularis)
was performed. The eyes from a 6-yr-old normal male
cynomolgus monkey were obtained from Tsukuba Primate
Research Center, National Institute of Biomedical Innova-
tion, Japan. All experimental procedures were approved by
the Animal Welfare and Animal Care Committee of the
National Institute of Biomedical Innovation, in compli-
ance with guidelines of the Association for Research in
Vision and Ophthalmology. Cynomolgus eyes were
removed and immediately fixed overnight with 4% para-
formaldehyde in 0.1 M phosphate buffer, pH 7.4. After
washing in PBS, eyes were cryoprotected in the gradient
sucrose dissolved in PBS and embedded into optimal
cutting temperature (OCT) compound (Tissue Tek, Miles,
IL, USA). Frozen retinal sections cut at 8 um thickness
with cryostat were incubated at 4°C with a 1:500 dilution
of human RP1L1 polyclonal antibody raised against the
N terminus of human RP1L1 (Santa Cruz Biotechnology,
Santa Cruz, CA, USA). Immunofluorescence was visualized
with Alexa 568 goat anti-rabbit IgG (Invitrogen, Carlsbad,
CA, USA), Alexa 488 PNA (Invitrogen) for detection of cone
photoreceptor, and DAPI (Invitrogen) for nuclear staining.
Fluorescence images were analyzed with a confocal laser
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Figure 2. Linkage Analysis and Haplo-
type Analysis of Family 1

(A) Parametric multipoint linkage analysis
of family 1. Horizontal axis indicates
cumulative position (cM) from the short
arm of chromosome 1. As a result of com-
putational capacity, family 1 was divided
into two branches for calculation of LOD
scores. No other chromosomes except
chromosome 8 yielded a positive LOD
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(18,716,063) was shared by all affected
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position (cM) on the short arm of chromo-
some 8. Vertical axis indicates the para-
metric multipoint LOD score. Mutations
(p.Arg45Trp and p.Trp960Arg) are demon-
strated.
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patients."? It is likely that the initial
event may be macular cone specific
but may later extend to rod abnor-
mality. Further investigation of RP1L1
function is required in order to answer
these clinical observations.

RPIL1 was originally cloned as a
gene derived from common ancestor
as retinitis pigmentosa 1 (RP1 [MIM
180100]) on the same chromosome
8.!112 RP1L1 shares 35% amino acid
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microscope (Radiance 2000, Bio-Rad Laboratories,

Hercules, CA, USA).

To our surprise, the immunohistochemistry of RP1L1
in the macula section of Cynomolgus monkeys revealed
expression in retinal rod and cone photoreceptors by
human RP1L1 antibody (Figure 3). This expression pattern
is significantly different from the previous study of mouse
RP1L1, in which RP1L1 was localized exclusively in
axoneme of rods.” Furthermore, the human amino acid
sequence is only 39% identical to that of the mouse, due
to a lack of both polymorphic 16 amino acid repeats or
a lack of the highly repetitive Glu-rich region, making
mouse RP1L1 protein considerably shorter than the human
protein, which may lead to different functional roles in the
primate retina. Recent investigation of photoreceptor struc-
ture in OMD patients using advanced optical coherence
tomography suggests that the predominant defect involves
the cone photoreceptor.”'” Our optical coherence tomog-
raphy observations also show loss of the cone outer
segment tip and irregularity of the inner segment/outer
segment junction in the center of the macula of all exam-
ined case individuals in family 1 (data not shown). Y.M.
et al. have observed that not only cone but also rod sensi-
tivity in the macula was abnormal in some of the older

identity with RP1, a gene responsible for 5%-10% of auto-
somal-dominant retinitis pigmentosa (RP [MIM 268000])
worldwide.'*"'® When RP1L1 was first identified, a number
of attempts were made to identify mutations in RPILI in
various RP patients, with no success. The present study
demonstrates that RPIL1 mutation is responsible for
OMD, but not for RP. Patients with RP carrying the most
common RP1 alteration, p.Arg677X, exhibit night and
peripheral vision disturbance beginning in the third
decade of life. RP1 is found exclusively in the retina and
is localized to both rods and cones. Rod-cone functional
comparison in RP patients has indicated that rod sensi-
tivity loss is at least 2 log units greater than cone sensitivity
loss.'? Thus phenotypic characteristics of RP caused by RP1
mutations and those of OMD caused by RP1L1 mutations
perfectly agree with the different localizations of RP1 and
RP1L1 in retina.

The outer segments of rod and cone photoreceptors are
highly specialized cilia containing hundreds of disc
membranes stacked in an orderly array along the photore-
ceptor axoneme. Previous studies have shown that RP1 is
part of the axoneme and is required for this correct orien-
tation and higher-order stacking of outer segment discs.'®
This is achieved by the interaction of RP1 with the
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Figure 3. Immunohistochemistry of RP1L1 in the Cynomolgus
Monkey Retina

Localization of RP1L1 in the rod and cone photoreceptors in the
Cynomolgus monkey (Macaca fascicularis). Retina labeled with
anti-human RP1L1 (red, top); same section labeled with retinal
cone specific marker, peanut agglutinin lectin (PNA, green,
middle); merged image (bottom). Yellow signal present in cone
photoreceptor resulted from combination of the red signal of
RPIL1 and the green signal of PNA. Cell nuclei were stained
with DAPI (blue). PL, photoreceptor layer; ONL, outer nuclear
layer; OPL, outer plexiform layer; INL, inner nuclear layer; IPL,
inner plexiform layer; GCL, ganglion cell layer, Scale bars repre-
sent 20 um.

microtubule in the connecting cilia.'” RP1 contains micro-
tubule-binding domains (amino acids 28-228) of neuronal
microtubule-associated protein (MAP) doublecortin
(DCX), which is required to maintain axoneme length

and stability.'® The RP1L1 p.Arg4STrp alteration resides
in one of the two DCX domains (amino acids 33-113
and 147-228), which is required for interaction with RP1
to assemble and stabilize axonemal microtubules.® In
primates, both RP1L1 and RP1 proteins may cooperatively
function in the rod and cone photoreceptors to perform
this task. The mutation in RPILI is likely to dominantly
affect the cooperative function with RP1 in rod and cone
photoreceptors, given that in a previous publication, the
RPILI heterozygous knockout mice were reported to be
normal whereas homozygous knockout mice were re-
ported to develop subtle retinal degeneration. Our findings
in OMD may shed light for further investigation of
patients with cone dystrophy.

In conclusion, we identified RP1L1 mutations that cause
autosomal-dominant OMD, and furthermore, our findings
revealed that RPILI plays essential roles in the cone
functions in human and that disruption of RPIL1 function
leads to OMD.

Supplemental Data

Supplemental Data include three figures and one table can be
found with this article online at http://www.cell.com/AJHG/.
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Table 2.

Summary of RP1L1 Mutations In Families with OMD

Age at Onset In Best Corrected Visual
ID in Pedigree Clinical Stage Sex Age at Diagnosis Estimation Mutation Aculty (Right / Left)
113 affected F 81 50 ¢.362C>T 1.2/01
1114 affected F 71 25 ¢.362C>T 0.4/0.5
1115 affected M 74 30 €.362C>T 02/03
1118 affected o M 82 20 7 €.362C>T 02/02
; w1 ) unaffected o l; o ‘6(~) - "‘- ¢.362C>T ) 1.2/12
1IV9 ) affected ) F 4§ unknown c.362C>T 1.27 1.2 A
11vi2 Caffeced O F 69 s €362C5T 0.1/007
11V13 V affected _ ;A 7 70 20 o c.362C>T 0.1/01 B
i V14 affect;:{ M - 66 B 30 - é.;’:62C>T 02/03
11V18 affected F 58 12 ¢.362C>T 0.1/01
11V21 affected F 58 47 ¢.362C>T 0.1/0.4
1v2 affected M 20 13 €.362C>T 03/03
1V3 affected F 19 6 ¢.362C>T 0.2/0.15
EYIZ ua”f;ected o M 7 69 7 unknown €.362C>T 02/0.2
5114 ’ unaffected M 58 - | €.362C>T 1.0/1.0 -
25 unaffected M 5; : - ¢.362C>T 1.0/ 1.6 -
218 affected M 52 unknown c.362C>T 02/03
21m affected M 23 23 €.362C>T 02703
212 affected M 20 20 ¢.362C>T 03 /0.3
3m affected F 29 12 c.3107T>C 02/02
3n3 affected M 19 13 ¢.3107T>C 02/03
41113 7 affected - FM - S_Zd‘ - _3_(-)‘ - ¢.362C>T 0.15/0.15

Summary of individuals from autosomal OMD families 1-4, in whom p.Arg45Trp or p.Trp960Arg mutations of RP1LT were found. Three unaffected individuals at
the age of 55-60 were found with the mutation. These individuals suggest a reduced penetrance of the mutation or a possible onset at a later age.
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Fundus Autofluorescence in Autosomal Dominant
Occult Macular Dystrophy

Kaoru Fujiniami. MD. Kazushige Dsunoda. MD. PhD; Gen Hanazono, Mi:
Kei Shinoda, MD, PiD; Hisuo Ohde. MD. PhIY; Yozo Mivake, MD. PhI2

Ghjective: To chatacierize lundus aatofluorescence
(FAL; images of eyes with autosomal domimnant occult
macular dystrophy (OMD).

Biethods: Al paiients received a comprehensive oph-
thaimologic examination {or diagnosis of OMD. W evalu-
ated the FAF images in 13 eyes of 7 patients with auto-
somal dominant OMD by conlocal scanmug laser
ophthaimoscopy with excitation at 488 nin and emis-
sion more thain 500 nin

Results: The TAT images showed unspeciiic wealk [o-
veal hyperfiuorescence in 4 eyes of 2 patients; one showed
a thin hyperiluorescence in the temporal fovea hilater-
ally and the other showed weald hyperiluorescence in the

fovea bilaterally. The epiical coherence tomographic im-
ages shiowed abnormalities of the photoreceplor ininer seg-
ment-outer segrent hne and cone outer segment tip line
in all paticnis. However, 5 patients had normal FAF vm-
ages regardless of mierphotogical abnormalitics of the pio-
toreceplor.

Conclusicns: [undus auofluorescence is a uselul method
to acquire additional information of photoreceptor/
retinal pigment epithielinm function in eyes with OMD.
Mundus autolluorescence will be also helpful for the dvf-
ferential diagnosis of eyes with OMD vs eyes with other
dystrophues that have a distinctive FAT paitern.
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COULT MACUTAR  DYS:
trophy (OMD) s ani in-
herited macular dystro-
phy with a progressive
decrease of visual acuity
but with essentially normal fundus and
Muorescein angiograms (FAs).™* Pavents
with OMD have normal full-field electro-
retinograms {ERGs), but the focal macu-
lai ERGs (I'MERGs) and muliifocal
{RGs are abnormal. ” The latter findings
are the key tor dingnosing OMD. Occuli
macular dystrophy is inherited as an av
tosomea! dominant trait’”* kowever, pa-
tients with sporadic disease have been
also veported.” ™ Optical coherence to-
mography (OCI) in eves with OMD
shoved abnoimalities in the foveal strue-
ture. " Recently, a loss of the cone pho-
oreceptor outer segments and defects in
the junction of the photoreceper inner
segment--outer segmeil line were dem-
onsttated in patients with sporadic
OMD.** ¥ The most characteristic find-
ing in eves with OMD that differentiates
it from other retinal discases is the nor-
mal-appearing fundus even in the ad-
vanced stages. 1t is concevable that this
normal-appeaning fundus has been at-
tributed o well-preserved retinal pig-
ment epithelivm (RPL) funcuon.
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Lipofusem is dertved from the phago-
cviosed photoreceptor oniet segments and
normally accumulates in the RPE 7 Fun
dus uutofluorescence (FAT) recorded with
a confocal scanning laser ophthalmo-
scope can provide information about the
distribution ol lipofuscin in the RPE of the
eves noninvasively.' By bemng able o de-
teet the hpofuscin mainly at the RPE Tevel,
AT could be a useful method to detect and
characierize the Iipofusem distribution in
awide vanety of inherited and sequired et
nal diseases even when fundus changes are
not or have not been clearly shown by ron
tine ophihalmoscopy and TA.7

To ouwr knewledge. the FAT [indings in
awiosemal dominant OMD have not been
published, although there are 2 case re-
poris thatdescribe the PAE findmgs m spo-
radic OMD. ™" However, some of the cases
diagnosed with sporadic OMD may have
dilferent viiologies because the causative
gene of OMD is unknown and eliminat-
ing acyuired discases such as age-related
macuiar degeneration is very difficulr.

The purpose of this study was to char
acterize the TAT images in patients wiih
autosomal dominant OMD and to deter-
mine whether the TAT images can help in
evaluaung the photoreceptor turnover of
eves with OMD. To accomplish this, we
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Table. Clinical Characieristics of Palients With Autosomal Dominant Occult Macular Dystrephy
Amplitude Reduged
Patient Years J FMERG miERG ’
fio./ From Refractive  Central 18-08 [Ty ey
SexfAge Eye Onsel BCVA  Enmor D Scoloma lregulariy® §ERG  5°P 10°¢ 15°Y" Ring1 Ring2® Hing3 FH Complicalions
IS 0D 3 -1.68! - - Normel = = + + + - AD  High myo
0S 3 ~2.25" Normal High myopia
2iF67 00 18 0 Nermal - - - - AD
0s 18 (.63 Motmal -
¥FEOY 00 & 168" o Hormal i AD Glausoma,
hugh
05 5 -
A7 0D 6 Normal 4 - AD
0s [} Normal -
567 0D 22 Normat - - A
0s 22 Normal - -
6/ 0D 20 204125 Nermal - - AL Highy
0s 20 07175 Normal + - igh myep
K74 COD 3 207200 Normal i AD  Digbetic
retincpathy
0s 3 20100 1.25! Normai ! Diabetic
refi

Abbreviations. AD, autosomal dorminant; BGVA, best-corrected visual acurty, D, diopters, ERG, electrorctinogram; ffERG, full-field ERG, FH, farmily tistory;
FMERG, focal macular ERG; ellipses. not examined: IOL, intravcular lens, 1S-0S, inner segmeni-outer seament junction. mERG. multifocal ERG, OCT. oplical coherence

tornography, OMD, occult mecular dystropliy, +. present; -. absent.

“All patients except patient 4 underwent Fourier-domain OCT: patient 4 undervent time-domain OCT

?In the night eye of patient 2, the abnormality in TMERGS was limited in the 5° diameter.

“In the izft eve of patient 2 and both eyes of patients 5 and 6, the a- and b-vvave amplitudes were severely reduced vathin the 10° diameter:
The &- and b-wave amplitudes of the FMERGs vzere severely ieduced within the 15° diameter in patients 1, 3, and 7

“The m{ERGs veere reduced vithin ring 2 1n both eyes of petient 4
fpaticnts 1, 3, and 7 had pseudophakic eyes (I0L)
S 0nly the right eye of patient 3 was examined Lecause th

Pn Patient 3, visual field testing detected glaucomatous damage in addition to OMD.

invesiigated the FAT images ol 13 evesin 7 patients who
had been diagnosed with autosomal dominant OMD.

We studied 13 eyes o 7 panents diagnosed with OMD Al of
the pauents had a family history ol OMD and were diagnosed
with autesomal domivant OMD. All of the patients were heing
studied at the National Institute of Sensory Organs, Tokyo, Ja-
pan An mformed conseni was obtamed after a fuil explana-
ton of the procedures. All studies were conducted in accor-
dance with the Declaration of Helsink

There were 2 men and 5 women whose ages ranged [rom
+7 10 80 years (mean. 31.0 years} One eye was exciuded be-
cause 11 had an idiopathic epiretinal membrane. The ophthal-
mological examinations included hest-corrected visual acuity
measurement, refraction. slitlamyp bromicroscopy. ophthialinos-
copy. fundus photography, perimetry. OCT, FA. FAF, full-
field ERGg, and focal LRGs Patients 2 and 3 chose not 1o re
cewve FA, Lhe FMERGs wererecorded from 11 eyes of 6 patients
and mulufocal ERGs, from 13 eyes of 7 patients

The visual fields were derermimed by Goldmann perimetry
or the Humphrey Visual Field Analyzer (model 750, Carl Zewss
Medhtec, Inc, Dublin, California}. 1he Swedish mieractive thresh-
old algonihm standard suategy was used with program 30-2
of the Humphiey Visual Field Analyzer,

The OCT images were recorded using z Fourer-domam OCT
(HD-OCT; Carl Zeiss Meditec) i all patients except patient 4,
who was examined with a nme-domain OCT (TD-OCT, Carl
Zeiss Meditec)

Full-field ERGs were recorded using an extended tesung pro-
tocol mcorporaung International Society for Climeal Elcctro-
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¢ iaft oyc had &n idiopathic epiretinal mambrane

physiology of Vision standards "' The ERGS were used 1o ac
sess the reunal function under both scotopic and photopic states.
The IMERGs were recorded with a commercially available
I'MERG systein (LRS8O, Kowa Comipany, | okyo, Japan, and Mayo
Company. Nagoya. Japan) using a hipolar comiact lens elec-
wode (Burian-Allen LRG Electrode; Hansen Ophthalmic Labo-
ratories, lowa City, iowa)  The stmulus and hackground hghrs
were integrated in thie frared fundus camera.™ ™ The size of
the sumulus spot was varied {rom 5°, 10°. and 15° in diameter
and was placed on the macula by observing the infrared image
onamonitor The white sumulus and background illumination
were generated by light-emitung diodes and had maximal spec-
tral emissions of 440 10 +60 nm and 530 1o 580 nm, respec.
tively. The luramances of the simuli and background were 115.7
cd/m? and 8 0 cd/m*. The duration of the stimulation was 100
nuiliseconds The responses were amplified and [iltered by digi-
tal band-pass filiers from 5 to 200 Hz (Neuropack p, MEB 9102.
cn, Tokyo). Tive hundred responses were sumimed with
stmulus frequency of 519z
The maltifocal ERGs were recorded with the Visual Evoked
Response Imagmg System (EDI, San Matceo. California) using
a Burian-Allen ERG electrode. The visual stimuli consisted of
61 hexagonal elements with an overall subtense of approxi-
mately 60°. The luminance of each hexagon was mdepen-
dently modulated between black (3.5 cd/m®) and white (138.0
cd/m’} accordmg to a brmary m-scquence at 75 Hz The sur-
round fummance was set at 70.8 cd/m*, >’
The PAF mages were recorded with 2 confocal scanming la-
ser ophthalmoscope (model HRA/HRA2; Heidelberg Engineer-
ing. Dossenheim, Germany) after the pupil was dilated. and the
recordings followed the protocol of Smuth etal. ™ This mstrument
uses a blue laser hight a1 488 nm foriilumination and a barrer fil-
terat 5300 nm to hmit the fluorescence to the autofluorescent struc-

a
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Figure 1. Patient 1 examination results. A, Fundus photograpir. B, Fluorescein angiogram C, Fundus zulofiuorescence unage showing thin hyperfluorescence in

the temporal fovea (arrovs) D, Focal maculer elecireretinograms (ERGs) The ERG of a normal <onirol is shovsn to the right of the paiient’s ERG for companison
£, Uptica' coherence iomographic image of the right eve £, Extended optical cohigrence tomographic imane of the fove of ithe nght eys.

ares, | he rachaint POW i

gaveaic

vough the pupil was 180 pW, whic
mal irradiance of 227 uW/em® for alield ol 307 saus

The acquisttion time wis 1510 50seconds 1 he scenned FAT
ages were recocded as JPLG files thatwere 512X 312 pinels.

The diagnosts of OMD was made by the followimg find-
ings: hilateral mvolvement. gradually decreasing visual
acuity. normai ophthalmoscopic findings, normal TA nor-
mal scotopic and photopic full-field TRGs. and absenc
or deciease of the amiplitude of the TMERGs. All of our
paticnis had the mherttance paiteim of auntosomal domn
nant as expected for OMD. Because FA was not per-
formed in paticnts 2 and 3, we were careful in diagnosis
and used the imformation of the other families who had
already been diagnosed with OMD.

The chimeal characterisiies of the 7 patients are shown
in the Table. The mean interval from the onset of the

RO OPHTHALMOL/YOL 129 (NO 5,

subjectivievisuad decrease o the time of examiation was
11 years wath @ cange from 5 10 22 years. The best-
corrected visual acuities ranged from 20/200 0 20/40.
The spherical equivalent refracuve error ranged from
-9.38 to +2.25 wopters. FPive eyes were pseudophakic.
All patients had a central scotoma except lor panent 3
who had both a ceniral scotoma and a superior nasal vi-
sual field defect due to glaucoma. The FMERGs and mul-
iifocal ERGs were reduced m all patients withi the 53¢
o 13" central regron (Table). The OCT images showed
an irreguiarity of the inner segment—oulter segment line
and loss of the cone outer segment tip line ar the fovea
in all patients

Of 13 eyes of 7 naticuts 4 cyes of 2 patients showed
FAT abnormaliiies ai the fovea and § eyes ol 5 paticnis
showed no abriormahities m the TAT images. The 4 eyes
had hyperfluorcscent lesions and none of the eyes had
hypolluorescent lesions,

The results of our exammation on patient 1. a typical
case ol OMD, are shown in Figwre 1. The patient was a

e i ————
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Figure 2. Patient 2 examination results A, Fundus photograph B, Fundus autofluorescance image showing weak hyperfluorescence in the central fovea., G, Opticai

coherence tomographic image of the right eye D, Extended optical coherence tomographic image of the fovea of the right eye

51 -year-old man with a best-corrected visual acuity ol
207200 in both eyes. 1Te complained of bilateral visual
decrease and a blind spot in the central field for 3 years.
He had an autosomal dominant inheritance pattern. His
mother, patient 3, had the same symptoms. Ophthal-
moscopy (Figure 1A) and FA (Figure 1B) showed that
his macula was normal. Static perimetry detected a cen-
ual scotema bilaterally. Although all components of the
full-hield ERGs were shightly reduced because of the high
myopia, they were not reduced enough o alter the di-
agnosis ol OMD. The a- and b-waves of the FMERGs were
abolished in amplitudes with prolonged implicit times
i the responses elicited by 5°. 107, and 15° stimuli
(Figure 1D). The OCT nna howed that the inner seg:
ment-outer segment fine was disrapted at the fovea and
the conc outer segment up line was 1ot present in the
entire macular region (Tigure 1E and ¥ [arrow ). The FAF
images had a thin hypertluorescence in the temporal fo-
bt eye (Figure 1C Larrow ). The hyperlluo-
annular; however, the border in the nasal
area was not clear. All examinaton findings were bilat-
crally symmetrical. The FAF abnormalities were re-
stricted to the lovea, sparing the foveola, while morpho-
logical abnormalities were present in the entire macula.

The resuite [rom patent 2 are shown in Figure 2.
Although the inacula was normal, the T AT image showed
weak hyperautofluorescence i the central fovea
(Tigure 2A and B). The OCT mmages also showed an 1r-
regulanity of the inner segment-outer segment hne and
the loss of the cone outer segment tip ine at the fovea
(Thgure 2C and D {arrow]). The results were bilaterally
symmetrical.
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The FAT images of patients 3, 4, and 5 and the OCT
images ol patient 3 are shown in Figure 3. The FAF im-
ages appeared normal, although the OCT images showed
the same abnormality at the fovea as in patients 1 and 2
{(Figure 3C |arrow]). There was a shadow of medial opac-
ity in patient 3 (Figure 3).

We invesugated the FAF images associated with photo-
receptlor outer scgment twmover or RPE dysfunction in
eyes with autosomal dommant OMD. Our results showed
that FAT images had weak hyperautofluorescent changes
at the lovea in 4 eves of 2 patients and no abnormalities
inYeyes of 3 panents. In general, the CAT nnages in OMD
were not severely abnormal, which indicates thai the TAT
results can be used in the differential diagnosis of OMD
from other macular dystrophies. 1t was very difficult to
quanuly the influence of aging on the FAT findings be-
cause (1) the observation period of each patient was very
shortand (2) the duration between the onset and the time
of examination could not be determined accurately be-
cause OMD is a slowly progressive disease and the time
of onset based on patients’ concern is not reliable. In ad-
dition, we could not completely eliminate the existence
of macular pigments blocking the 488-nm autofluores-
cence. which could modify the antoflaorescence from li-
poluscin in the fovea.™ Istimaton of the density of the
macular pigment could be helplul for a more precise de-
gree of autofiworescence derived from fluorophore in RPE.

I'undus autofluorescence was also valuable in assess-
ing the conditon of photoreceptor outer segment turn-
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Figure 3. Results for paticnfs 3, 4, end 5 &, Funous autotlunrascence (FAT) image of patient 3 B, Ophical cuserenct tumngraphic imege of patieni 3. C, Extended
optical concrence iomographic nzge of the fovea of patieni 3 The arrov: shovs the same ahnormality as in patrents + and 2. D, The FAF imagc of patient 4.

E, The FAF imaac of patiant 5 The FAF images shavy no abrormaliues in the fovea.

over in OMD. Weak hyperauwiofluorescent chianges i the
2 patents immplied an increased photoreceptor ouler seg-
ment turnever, which could have been caused by pho-
toreceptor death. On the other hand, in 5 patients, the
funcuonal and morphological damage i the photore-
ceptor wes shovei by the reduced PMERG anplitudes anc
QCT, even ithough TAT abnormalities were noidenti-
fied. This inconsistency supgests that the degree of pro-
aression 1 the photoreceplor damage was so gradual that
the FAT mages did notmanifesi the abnormalities in the
photorecepton outer segment wrnovei. such as 2 hype

rautolluorescent lesion. undus auwtotluorescence could
give us information regarding the degree of progression
in OMD.

- - - . . . dret - — .
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I the 4 cyes voih abnormal FAF, OCT demon-
strated abnormalines over the enure macula avea, al-
though the FAE abnermalities were restnieted to the fo-
vea. The localized hyperfluorescence i the FAF images
may hi’,‘ hecause the ]"1]'1()1\)1‘13(5(3])101’ outer S(‘glncm wrn-
over was not uniforic at a particular stage of the disease
progiess Tlyperautolluorescence m the FAT images is
promment when the discase is progressing. such as m
reuniug pigmentosa and geographic atrophy.™ Tundus
autolluorescence ineasurements when the symptoms [lirst
appear mightrevedl some imnal changes in the outer seg
ment metabolism in OMD

None ol our patients with OMD showed decreased or
absent FAF. which rellects RPE loss or atrophy. In ad-
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dinon, the appearanice of the RPE i the OCT i alwavs

normal in the entite macular region, although damage

1
of the photoreceptors was detected. This implies that the
primary lesion of OMD 1s ol the cone photoreceptors and .
the RPE is not damaged fatally even in the late stages.

Autosomal dominant OMD is considered 0 be a cen- 15
tral cone dystiophy.” It is well known that the FAT im-
ages of eyes with other dystrophies show distinet pat- ,,;
terns of FAF abnormalities. Retimitis pigmentosa shows
aring of hugh-density fluorescence,'”""* and parafoveal 5
rings have also been observed in Leber congenital am-
aurosis,"”* Best disease ' X-linked retinoschisis, >
anc cone-tod dystrophy."™*" In Stargardt disease, RPE o
atrophy leads (o a characteristic hypolluorescent ap- 11
pearance and [lecks show distinet abnormalitics in the
FAT. Pattern dystiophy shows hypolluorescent le 16
sions or patchy multiple hyperfluorescent/hypotluores-
cent lesions.™ .
The FAF images ol OMD did not have any pathogno-
monic abnormalities, unlike other dystrophies. Al-
though patient 1 had a disconnected ringlike hyperau- 2
tofluorescence at the fovea, it was delinitely cilterent from
the shapes of other retinal dystrophies. This was prob- 21
ably because autosomal dominant OMD has distinetly dit-
ferent clinical characteristics from other dy 5tmplucz~. We 20
do not have sufficient information on the FAT patern
in sporadic cases of OMD'™ and whether they have the 2
same [eatures as our patients. The FAF images allow dil-
ferenuating autosomal dominant OMD from other reti- -
nal dystrophices that have distinctive TAT findings. -
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Purpose: Occult macular dystrophy (OMD) is a hereditary retinal disease characterized by a
normal fundus, normal full-field electroretinograms (ERGs), progressive decrease of visual acu-
ity, and abnormal focal macular ERGs. The purpose of this study was to report pattern-reversal
visual-evoked potential (pVEPs) findings in OMD patients.

Patients and method: The pVEPs recorded from four patients with OMD (aged 4261 years;
2 men and 2 women) were reviewed. The visual acuities ranged from 20/200 to 20/30. The
amplitudes of the N-75 and P-100 (P2 amplitude) and the latency of the N-75 components
(N1 latency) were analyzed. .

Results: The mean (+SD) P2 amplitude was 2.7 + 1.9 pV for the 5, 4.8 £ 2.9 uV for the 10’,
3.2 £2.1 uV for the 20", and 4.4 £ 3.5 pV for the 40° checkerboard stimuli. The N1 latency
was 122.2 + 6.4 ms for the 5/, 105.0 = 11.5 ms for the 10, 97.7 £ 10.0 ms for the 20’, and
91.0 = 13.7 ms for the 40" checkerboard stimuli. The mean P2 amplitude was reduced and the
N1 latency was delayed in comparison with the laboratory standard for the Keio University
Hospital.

Conclusions: The delayed latency and reduced amplitude suggest a major contribution of the
central cone pathway to the pVEPs.

Keywords: occult macular dystrophy, visnal-evoked potential, electroretinogram

Introduction

Occult macular dystrophy (OMD) is a hereditary macular dystrophy characterized by
a progressive decrease of the visual acuity, normal fundus, and normal fluorescein
angiograms.? The hereditary form is an autosomal dominant trait, and recently the
response gene was identified with mutation in RPIL1.

The cone and rod components of the full-field electroretinograms (ERGs) are
normal, but the focal macular ERGs are reduced. A reduction of the visual acuity
without visible fundus abnormalities, and the presence of a central scotoma and/or
reduced central fusion flicker frequency* are often seen, and the patients can be
misdiagnosed with amblyopia, optic nerve disease, or a nonorganic visual disorder.*
Only limited information is available on the visual-evoked potentials (VEPs) in patients
with OMD.5 How the VEPs are affected in this disease with central cone dysfunction
has not been fully determined. Thus, the purpose of this study was to evaluate the
pattern-reversal VEPs (pVEPs) in patients with OMD.

Clinical Ophthalmology 2010:4 1515-1520 I515
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Subjects and methods

Subjects

Four patients diagnosed with OMD at the Keio University
Hospital between 2000 and 2002 were studied; two were
men and two were women aged 42, 49, 60, and 69 years,
respectively (Table 1).

Stimulus and recording

of pattern-reversal VEPs

The visual stimulus was a black-and-white pattern check-
erboard generated on a CRT (cathode ray tube) monitor
(20-inch, high-resolution display; Ikegami Tsushinki Co,
Ltd, Tokyo, Japan). The mean luminance was kept at
109.5 cd/m?, and each check was either white (154 cd/m?) or
black (65 cd/m?) with a 40.6% contrast. Four check sizes were
used: 5, 10, 20, and 40 min of arc at an observation distance
of 150 cm. The amplitude of N-75 and P-100 (P2 amplitude)
and the latency of the N-75 (N1 latency) were analyzed.

Patients were preadapted to the room lighting, and all
recordings were performed under dim room lights with
an illumination of about 50 cd/m?. A small black fixation
point was present in the center of the stimulus display,
and the subjects were instructed to fixate the point or the
center of the screen and to try not to blink. The subjects
wore their best refractive correction, and all recordings
were monocular,

The recording electrode was placed 2.0 cm superior to the
inion, and the reference electrode was placed on one earlobe.
The ground electrode was placed on the other earlobe.

Signals were amplified 50,000 times with an amplifier
(VC-11; Nihon Kohden, Tokyo, Japan) and filtered with

a band-pass filter from 0.5 to 30 Hz. Sixty-four responses
were averaged.

Normative data were collected from 40 age-matched
patients who did not have any ocular diseases except
for refractive errors (age range 40-67 years; average
53.1 £ 8.41 years).

All of the procedures conformed to the guidelines of
the Declaration of Helsinki, and an informed consent was
obtained from all subjects after an explanation of the purpose
and the procedures to be used in the experiments.

Results

Patients were diagnosed with OMD by the following findings
in both eyes: progressive decrease in the visual acuity, normal
fundus, normal fluorescein angiograms, central scotoma in
Goldman perimetry, normal cone and rod components of the
full-field ERGs, and abnormal focal macular or multifocal
ERGs (mfERGs). Their visual acuities ranged from 20/200 to
20/30. None had a history of ophthalmological abnormalities,
such as glaucoma or diabetic retinopathy that could affect
the visual function especially the pVEPs.

All cases had at least one individual in their pedigree
who was also diagnosed with OMD. Case 4 was a second
cousin of case 2 (Table 1). The interval between the onset of
the decreased visual acuity and diagnosis at our clinic was
1-25 years. Three of the cases were genetically diagnosed
with OMD.

VEP results

A plot of the P2 amplitudes as a function of pattern check
size in the four patients with OMD is shown in Figure 1A.
In three of the cases, the amplitudes of P2 were smaller

Table I Clinical characteristics of the patients and the result of the examinations

Patient Age and Family BCVA Visual Fundus Fluorescein Fullfield Multifocal Genetic
gender history field appearance angiography ERG ERG diagnosis
oD os
I 42, Female + 20/200  20/200 Central Normal Normal Normal Decreased Mutation in
scotoma amplitude in ~ RPIL/
fovea
2 6l, Female + 20/200 20/200 Central Normal Normal Normal Decreased Mutation in
scotoma amplitude in ~ RPILJ
fovea
3 60, Male + 20/60 20/200 Central Normal Normal Normal Decreased Mutation in
scotoma amplitude in ~ RPILJ
fovea
4 49, Male + 20/30 20/30 Central Normal Normal Normal Decreased Not
scotoma amplitude i examined
fovea

Notes: Case 4 is a second cousin of case 2. Focal macular electroretinograms (ERGs) were recorded in patients 1. Multifocal ERGs were recorded from all the patients.

Abbreviations: BCVA, best-corrected visual acuity; OD, right eye; OS, left eye.

Clinical Ophthalmology 2010:4
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Figure | Plot of the A) P2 amplitude and B) N latency as a function of the size of the checks of the stimulus for the four patients. The average and the standard error of the
means of normal subjects are plotted as the black line. The NI latency was delayed in all eyes, while the P2 amplitude was reduced in all eyes except both eyes in case 2.

than that of the normal controls. In the second case (case 2),
the P2 amplitudes overlapped the amplitudes of the normal
controls.

The latencies of the N-75 component from all of
the patients were longer than those of normal subjects
(Figure 1B).

Case reports

All four cases share typical OMD features, and definitive
diagnosis was made genetically in the three of four cases.
We present case 1 as the representative data.

Case |
Case 1 was a 42-year-old woman who stated that her
visual acuity has been reduced in both eyes for 10 years.
Several ophthalmologists, psychiatrists, and physicians in
other clinics failed to diagnose her condition, and she was
referred to Keio University Hospital for further examination.
Her sister and cousin had similar symptoms — bilateral
progressive decrease of vision — and were diagnosed
with OMD at other hospitals. Her corrected visual acuity
was 20/200 in both eyes. Funduscopy and fluorescein
angiography were normal (Figure 2). Goldman perimetry
showed a central scotoma of 5° in both eyes (Figure 3). The
central fusion flicker frequency was 28.6 Hz in the right
eye and 29.6 Hz in the left eye (48.2 * 5.3 Hz: mean = SD
as normal range in our laboratory). Her right eye had
normal color vision, and her left eye had mild atypical
dyschromatopsia.

The scotopic, bright-flash, photopic, and 30-Hz flicker
full-field ERGs were normal (Figure 4). However, the
mfERGs in the central areas were reduced (Figure 3).

The focal macular ERGs recorded at another clinic were
clearly reduced in both eyes (Figure 5). A diagnosis of OMD
was made.

The P2 amplitude was 2.3 pV for the 5/, 4.2 pV for the
10’, 1.5 WV for the 20, and 1.3 pV for the 40’ checkerboard
stimuli of the right eye (Figure 6). For the same stimuli
for the left eye, the P2 amplitudes were 1.0, 2.3, 1.3, and
2.8 LV, respectively. The N1 latency was 147.5 ms for the
5’,117.5 ms for the 10°, 110.0 ms for the 20, and 102.5 ms
for the 40" checkerboard stimuli in right eye (Figure 1B).
For the left eye and the same stimuli, the N2 latencies
were 118.8, 105.0, 101.3, and 100.0 ms, respectively. The
average P2 amplitude wasreduced, and the N1 latency was
delayed in comparison to our laboratory standard values
(Figure 1).

Figure 2 Fundus photograph (above) and fluorescein angiography (below)
of case | showing no abnormal findings.
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