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Figure 2. Induction of patient-specific retinal photoreceptor cells. Retinal cells were induced sequentially by in vitro differentiation.”
(R) Experimental schema. (B) Neural retina progenitor cells (Pax6+Rx+)-and RPE progenitor cells (Mitf+) were separated in the culture dish (C). Patient- i
specific RPE cells exhibited hexagonal morphology and pigmentation (D) and eéxpressed the tight junction marker ZO-1 (E). Photoreceptor cells were

positive for immature photoreceptor markers Crx and Recoverin on day 60 (F). Recoverin+ cells did not: co-express Ki67, a proliferating cell marker (G).

Differentiation of rod photoreceptors (Rhodopsin+) and cone photoreceptors (Opsin+) from patient iPS cells (H). Rhodopsin + rod photoreceptors .
induced from K21-iPS at day 120 {I). K11-derived rod photoreceptors were observed at day 120 (J). No Rhodopsin+ cells were detected, but-
Recoverint cells were present at day 150(K). Induced rod photoreceptor cells {Crx+) labeled with lentiviral vectors encoding GFP driven by a rod,,
photoreceptor-specific promoter Nl (L: Nrl-GFP) or Rhodopsin- (M: Rho-GFP). Arrows indicate cells co-expressing Crx and GFP. (N) Whole-cell
recording of rod photoreceptor cell differentiated human iPS cells. Recorded cells expressed GFP under the control of the Rhodopsin promoter.”
(O) Relationship between voltage and membrane current (i) produced a non-linear curve, suggesting that voltage-dependent channels exist in iPS
cell-derived rod photoreceptors Rec, Recoverin; Rho, Rhodopsin. Scale bars, 50 pm.

doi:10.1371/journal.pone.0017084.9002
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(data from three selected lines), consistent with stable differentiation. .

Furthennorc we umﬁnned rod h‘lduction;by _131be1ingwith lentivi

photorcgcptor cell membrane contair
suggesting that differentiated patient
physiologically functional (Fig. 2N~O

strated a significant diversity of difle
these data show that patient-derived.
cells that exhibit many of the i
logical features of mature rod photor

Patient-specific rod cells under

As Lompdrcd with normal iP
diflerence i rod cell dlﬂcrenmni
K21RP1)-, PIOI(PRPHY)-, and P59RH
iP8$ cells from both K11(RP9) and K11
however, rod cell number was signi
cells (Fig. 3). We asked whether cd.rly
a smaller number of mature rod pho
whether genetic mutations induce degex
cells in vitro, we extended the culture pcn_ valuated the nu
of rod photoreceptors at day 150. I diff ated iPS cells from
patient K21(RP1) at day. 150, the. number of Rhodposint cells was

significantly - decreased . (Fig.: 3). For the KI11-iPS cells, no.

Rhodposint cells were found at-day 150 (Fig. 3). huportanty, some

K11-cells at day 150 were positive (or Recoverin (10.3+£1.99%) and

Crx, markers for the rod, cone photorcccptors and/or bipolar cells
(Fig. 2K and data not shown), strongly . suggesting that cone
photoreceptor and/or bipolar cells survived, whereas the rod
photoreceptors underwent degeneration in vitro. In addition, we
detected cells positive for Islet] (a marker for retinal amacrine, bipolar

and ganglion cells), again consistent with the survival of other types of

retinal cells (Fig. S6F). From these results, we concluded that mature
rod photoreceptors diflerentiated from patient iPS cells selectively
degenerate in an RP-specific manmer in vilro.
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Figure 3. RP patient-derived rod photoreceptors undergt
degeneration in vitro. iPS celis were differentiated into-Rhodopsin-
rod photoreceptors in serum-free culture of embryoid “body-lik

photoreceptors were evaluated at both day 120 and day 150,

respectively. Data were from three independent iPS cell lines derived .
from the patients. ANOVA followed by Dunnett's test. * p<0.05;. .

**2p<0,001. Values in the graphs are means and s.e.m.
doi:10.1371/journal.pone.0017084.g003
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Cellular stresses involved in patient-derived rod cells

We_next asked how the pdnent-denved rod photoreccptors
degcncmtc We evaluated apoptosis and cellular stresses'in each
ell line at both day 100 and day 120 rcspccuvely Interestmgly, in

kkprcvxously in rhodopsm rutant mice cells [1: ] Wc next examined
. the possible involvement of endoplastic reticulum (ER) stress m

RHO-PS cell line degeneration. The Rhodopsint or Recoverint
cells co-expressed irmmunoglobulin heavy-chain binding protein
{BiP) or C/EBP homologous protein (CHOP), two conventional

‘markers of endoplastic reticulurn (ER) stress, from day 120
: (Fig. 4LK and Fig. 89), while cells derived from control iPS or
_other mutant iPS -cells were negative for BiP and CHOP

(Fig. 4],L). Taken together, these results demonstrate that ER |
stress is involved in rod photoreceptors carrying a RHO mutation.

Drug evaluation in patient-specific rod cells

The antioxidant vitamins o-tocopherol, ascorbic acid, and ﬁ—k
carotene have been tested in clinical trials as dietary therapies for
RP [2] and in another major retinal degenerative disease, age-
related macular degeneration [14]. Thus far, mostly due to the
lack of appropriate validation models, there has been no evidence
supporting the beneficial effects of these compounds on rod
photoreceptors. We therefore assessed the effects of these agents
on rod photoreceptors derived from patient iPS cells. In mouse
retinal culture, short-term treatment with o- tocopherol, ascorbic
acid and B-carotene at 100 M, 200 pM and 1.6 uM, respective-
ly, exerted no significant toxic effects on rod photoreceptor cells

{Fig. 810). Since the dillerentiated rod photoreceptors underwert

degeneration after day 120, we treated the cells for 7 days with
these agents starting at day 120 (Fig. 2A). o-Tocopherol treatment
siguificantly increased the number of Rhodopsint cells in iPS cells
derived from K11- and K10-iPS with the RP9 mutation, while it

© had no significant effects on iPS cells with the either the RP1,

PRPH2 or RHO mutation (Fig. 5). In contrast, neither 4scorbx(
acid nor B-carotene treatment had auy effect on iPS cells of any
genotype (Fig. § $11). We cannot currently explain the discrepancy

" “between the effects of these antioxidants. It has been repor! ted that
aggregates (SFEB culture). The percentages of Rhodopsin+ rod

under certain circurnstances, anti-oxidants can act as “pro-
oxidants” [15]. Taken together, our results indicate that treatinent

“with a-tocopherol is beneficial to RP9-rod photoreceptor survival,

and causes different effects on Rhodposint cells derived from
different patients.
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Figure 4, Cellular stress in patient-derived rod photoreceptor cells. Oxidative stress and’ apoptos s in differentiated rod photoreceptor cells‘ :
derived from RP9-iPS (A,C,E) and RP1-iPS (B,D;F). (A) 8-OHdG, a marker for DNA oxidation, was found i K11- or K10-iPS=derived differentiated cells
(day 100), but not in K21-iPS (B). Arrow indicates a cell double-positive for 8-OHdG and Recoverin. (C) The number of activated Caspase-3+ cells was-
greater in K11-iPS. differentiation than in K21-iPS (D). From day.120, rod photoreceptor cells (Rhodopsin+).derived from. RP9-iPS co-expressed the .
oxidative: stress. marker Acrolein (E); whereas RP1-iPS denvatlves did not (F). (G-L) Abnormal cellular Iocallzatlon of Rhodopsm proteins and
endoplasmic reticulum stress in RHO-iPS— denved rod photoreceptors High magnification’ vealed cytoplasmic localization of Rhodopsm in rod
photoreceptor cells carrying a RHO mutation (G) and a riormal localization in the cell membrane in K21 cells (H). Rod cells derived from RHO-PS co-
expressed the ER stress markers BiP (I) and CHOP (K). K21-iPS—derived rod cells did not express BiP (J) or CHOP (L). Arrows mdlcate double—posntlve
cells. Rec, Recoverin; Rho, Rhodopsin. Al scale bars.are 50 pm except for G and H:(20 pm). o
doi:10.1371/journal.pone.0017084.9g004 u

Discussion ‘ ‘ been teported “previously in any amimals or “cell thodels.
i Furthermore; ‘'we' have ‘demonstrated 'that the” antioxidant o~

By using patient-derived iPS cells and in vitro® differentiation  tocopherol exerts a beneficial effect on RP9-rod cells. Additionally,
technology, we have shown that RP9-retinitis pigmentosa is we have clearly shown that rod photoreceptors derived from
involved; at least in part, in oxidative stress pathways; this has not patients with a RHO mutation are associated with ER stress; this is
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Flgure 5. Disease modelmg of patlent-derlved rod photoreceptor cells. oc-Tocopherol treatment of patlent-speaf‘ ic rod photoreceptors
yielded a significant beneficial effect in RP9 mutant cells. Two-way ANOVA Bonferroni post-test showed no signifi cance in other group (n= 3—8) Data
represent 1-2 selected iPS cell lines of each patient. ***p<0 001. Values in the graphs are means and s.e.m. '
doi:10.1371/journal.pone.0017084.g005
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the first report of ER stress in a cell culture model for human rod
cells. These cell models will be very useful for disease mechanism
dissection and drug discovery. By screening several drugs that had

already been tested in RP patients, we have revealed that:rod:

photoreceptor cells derived from RP patients with different genetic
subtypes exhibit significant dillerences in drug responses. Among
the different types of antioxidants, -

depending on the genetic mutation. This is the first report of the
utilization of iPS cells related to personalized medicine, which will
be helpful for routin clinical practice. Our results also provided
evidence that genetic diagnosis is essential for optimizing
personalized treatment for patients with retinal degenerative
diseases [11]. An important future study made possible by this
work is the screening of a compound library for drugs. that .could
be used to treat RP. Patient-derived iPS cells Tevealed differences
in pathogenesis and the eflicacy of antioxidants among patients
with different disease-causing mutations. Although . the microen-
viromment aflects the pathogenesis’ of ‘diseases, and i vilro
evaluation is not perfect, this study suggests that iPS cells could
be used to select between multiple available treatments, allowmg
physicians to advise each patient individually. The weakness of our
method for disease modeling is that differentiation requires a long

period of time. Shortening the induction. period and identifying.

appropriate - surface -markers for. rod cells will. nnprovc disease
modeling using patient-specific iPS cells.

In briel, we generated pluripotent stemn “cells from retinitis
pigmentosa patients and induced them into - retinal  cells.
Compared with normal cells, patient-derived rod cells simulated
the disease phenotype and exhibited dillerent responses to specific
drugs. We found that patient-specific rod cells underwent
degeneration in itro, which maybe related to different cellular
stresses. To our knowledge, this is the first report ol disease
modeling of retinal degeneration using patient-derived iPS cells.

Supporting Information

Figure S1 Pedigrees of K21 (A), P59 (B), K10 and K11 (Q).
Families of P59 (B) and K10 and KIl (C) show autosomal
dominant mode of inheritance. (G) Mutation analysis was
performed in four patients and two normal relatives in the RP9
family. The H137L mutation in RP9 gene was co-segregated with
the disease in the {amily. Closed symbols indicate individuals with
RP and open symbols indicate unaffected subjects. Question
marks indicate symptom unknown. The bars above the symbols
indicate examined subjects. Arrow, proband; slash, deceased.

(TIF)

Figure S2 Mutation in the RPY gene. (A) Alignment of RP9
sequence and pseudo-gene shows the same nucleotide in the
mutated location. (B) Sequence chromatogram of cDNA sequence
demonstrates the ¢.410A>T (H137L) mutation in the RPY gene,
iustead of the paralogous variant in pseudo-gene which was
documented in RetNet (www.sph.uth.tinc.edu/retnet/ disease.
htm).

(JPG)

Figure 83 Selection by colony morphology. (A) iPS colony
(K2184) shows ES-like morphology. (B) Spontaneous differentia-
tion in the colony during maintenance (K21814). Scale bars,
50 pmn,

(TIF)

Figure S4 Quantification of transgene copy mumber.
Total copy murnber of four transgenes in the selected iPS lines.

'@ PLoS ONE | www.plosone.org-

«a~tocopherol. has _either:
beneficial or non-beneficial effects on diseased photoreceptors,
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Selected . iPS cells with ‘fewest. integrations. and - two' high copy
number lines used for 7n vilre diflerentiation.

(TIF)

Figure $5 Efficiency of RPE induction in patient-iP§
cells, RPE: production. of the five patient-iPS  cells* showed. no
significant dillerences (n=4). Data represent the percentage of
RPE area at differentiation day 60. One-way ANOVA followed by
Dunuett’s test. Values are mean and s.ean.

(TIF)

Figure $6 Induced retinal cells from patient IPS cells
(K2184). Crx+ photoreceptor precursor cells present in ‘the cell
cduster on dillerentiation day 60 (A). Crx+ cells co-expressed
Recoverin, indicating differentiation into photoreceptor cells (B).
Rhodopsint cells had 2 long process at day 150 (C). In-the
differentiated cells, we -also “observed cells positive ‘of PKCa (a

~marker, for bipolar cells) ). Cells positive for Math5 and Brn3b

(mmarkers - for: ganglion progenitor -or ganglion‘cella (day60).(E).
Cells positive for Islet-1 (2 marker for amacrine, bipolar and
gangliou cells) (F). b(,dle baxs, 50 pm @A, D, E, d.lld F), 20 p.m B
and C).

(TIF)

Figure 87 Differentiation of the patlent-lPS cells. iPS
colony was cut into uniform sized pieces (A) and subjected to a
loating culture (P59M8, day 20) (B). RPE. (pigmented) and
recoverint (green) cells were elficiently induced (P59MS, day 60)
(C). (D) An excluded iPS line, P59MI6, with high number
transgenes showed a striking lentoid formation duuno the ﬂoatmg
culture (day 20) Scale bars, 50 pm. : .

(TTF)

Figure S8 Oxidative stress in photoreceptor cells with
the RP9 mutation (K11). (A) Recoverin, (B) 8-OHdG, (C)
Recoverin/8-OHdG, () Recoverin/8-OHAG/DNA.  Arrows
indicate cells with weak Recoverin signal positive for 8-OHdG;
Arrowheads represent cells with strong Recovenin signal positive
for 8-OHAG; Asterisks represent Recoverint cells negative for 8-
OHJG. Scale bar, 50 pun.

(PG)

Figure S9 ER stress in photoreceptor cells with the
RHO mutation (P539). (A) CHOP, (B) Recoverm, (C)
Recoverin/CHOP, (D) Recoverin/ CHOP/DNA. Arrows indicate
cells with weak Recoverin signals positive for CHOP in nuclei;
Arrowheads represent cells with strong Recoverin signals positive
for CHOP; Asterisks represent Recoverint cells negative for
CHOP. Scale bar, 50 pm.

(PG)

Figure S10 Toxicity testing of the antioxidants in
murine retina-derived rod photoreceptor cells. Primary
culture of mouse retinal cells treated with 100 pM a-tocopherol,
200 uM ascorbic acid or 1.6 pM B-carotene for 24 hours and the
rod photoreceptors were counted using low cytometry. Value
represents the ratio of treated-rod photoreceptors compared with
control cells. n = 4. One-way ANOVA followed by Dunmnett’s test.
Values are mean and s.e.an. NS, not significant.

JrG)

Figure S11 Differentiated rod cells from normal and
patient iPS cells treated with 200 pM ascorbic acid or
1.6 pM f-carotene did not show statistically significant
differences. Two-way ANOVA Bonferroni post-test. Values are
mean and s.eam.

Jre)
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Table S1' Phénotypic data of the RP patients. M; male; F;
female; AD, age at diagnosis; BCVA, bést corrected visual Aculty,
HM, hand motion.
(DO(..) ‘ N . ; R
Table SZ Anubodles used in the present study. 3
(DO(‘) ‘
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-One case -of peripheral wulcerative -
keratitis (Leroux et al. 2004) and-one.

case of paralimbal keratitis caused by

candida glabrata (Djalilian et al.-2001)
have been reported in patients  with

CGD. However, no case with so.cen-
trally positioned infiltrate - and - such
deterioration -of BCVA . has  been
reported. The negative culture can be
interpreted as noninfectious infiltrate
in the left cornea, but the profound
clinical and subjective improvement

after the prescription of levofloxacin.
drops implies the opposite. The fact

that antibiotic drops: were prescribed
2 days earlier can perhaps explain.the
negative culture, as this can interfere
with microbiology testing. The other
possibility but less likely would be a
sterile ‘inflammatory keratitis (maybe
related to granuloma formations
already known in other. organs)
which has not been :described earlier
in such-patients. Regarding other pos-
sible systemic causes of granulomas,
the patient has regular contact with
infection clinic, and no other infec-
tions have been diagnosed.
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Editor,

S targardt disease (STGD) has a
juvenile to young-adult onset,

a rapid decrease of central vision and

a progressive bilateral atrophy of the

sensory retina and retinal pigment epi- -
thelium (RPE) in the macula. Yellow-

orange flecks are often detected
around the macula, the midretina and
or both (Rotenstreich etal. 2003).
Mutations in the gene encoding the
ATP-binding cassette transporter gene
(ABCA4) are responsible for autoso-
mal recessive STGD (Allikmets 1997;
Webster et al. 2001). We examined a
patient who had the characteristic
signs of STGD but had good visual
acuity.

A 66-year-old man complained of
photophobia ‘and a paracentral sco-
toma which was present since his
teens and had not worsened. None of
his family members had similar symp-
toms. His visual acuity was 20/15
OU, and ophthalmoscopy identified a
dark brown, well-demarcated area at
the fovea surrounded by RPE atrophy
and flecks (Fig. 1A). Fluorescein angi-
ography showed window defects at
the flecks and a dark choroid
(Fig. 1B). The optical coherence
tomographic (OCT) images showed a
well-preserved sensory retina and nor-

--mal thickness. RPE . at . the

k?:‘controls the F MERGsv

“lus spot

fovea
Fig. IC, D) The foveal drea was sur-
ounded by . atrophlc sensory retma

ing-shaped paracentra relati\’{'e‘ sco-
oma- Wthh surrounded ‘the normal
wred. seemg area. of 52 (Frg 1E).
ocalf o deLlldr‘ electrorennogrdms

responses. ehclted by a S-degree‘ txrnu—
. severely reduced

responses ehcrt'

; \2002) and one (c')vel
mutation, Met28()Thr in: exon 7 of
the ABCA4 gene (Table 1).
Our patient had clinical findings
that were pathognomonic - of typical
STGD, except that the clinical course

“was stationary and he had 20/15

vision because of well-preserved
foveal function. The preserved foveal
area was small and well demarcated.
Visual acuity, fundus appearance,
OCT images, static perimetry and
FMERGs supported the well-pre-
served foveal function. We report -
our case because the patient had a
unique phenotype with a novel puta-
tive mutation in the ABCA4 gene,
not yet shown to segregate with the
disease.

The well-demarcated dark brown
foveal RPE appeared to be hyperpig-
mented although the thickness mea-
sured by OCT was 29 um which was

“within normal limits. The findings in

our case could indicate that the non-
atrophic foveal RPE had an effect in
preserving the foveal morphology and
function.

The inheritance of STGD is autoso-
mal recessive; however, our patient
had four polymorphisms and one het-
erozygous gene mutation ¢.839T>C
in exon 7 in the ABCA4 gene. A sec-
ond mutation was not found, but it
may well exist outside of the coding
sequence of the ABCA4 gene. The
new mutation in our patient was
located outside the known functional
domains of ATP-binding or trans-
membrane site (Lewis etal. 1999),
which may explain the mild effect of
the missense mutation. We should
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Fig. 1.-Fundus photograph (A), fluorescein angiogram (FA) (B), optical coherence tomography
(OCT), (C, D), Humphrey. static perimetry (E), and focal macular electroretinograms
(FMERGs) (F) of an eye ofa pduent with Stargardt disease. (A) Fundus photograph showing
dark brown, well demdrcated ared in the fovea surrounded by orange-yellow flecks in the mac-
ula. (B) FA' showing blockdge in the foveal area, ring-shaped mottled hyperfluorescence i in ‘the

macula, ‘and dark choroid. (C, D) OCTi Lmages (C; horizontal, D; vertical) showing’ well-pre-"

served sensory retina and ‘retinal pigment epithelium (RPE) layer ‘in the fovea. In’the juxta~
foveal region, an atrophy-of both sensory retina and RPE can be seen.: The enlarged images
within the red lines are attached. (E) Humphrey static perimetry showing ring-shaped paracen-

tral relative scotoma (10-2 strategy). (F, G) FMERGs showing normal responses elicited by a.

S-degree stimulus spot and severely reduced responses elicited by lO-degree and 15-degree spots,
when compdred with the dge-mdtched control.

Table 1. ABCA4 GENE MUTATION AND Polymorphisms.

. Nucleotide . ‘ T
Exon. Change . Effect Changes Het/Hom . References. .
Mutation o C o o )
7 c.839T>C p.Met280Thr Het = " Present study
Polymorphisms : . :
10 c.1269C>T p-His424His : Hom - Webster AR et‘al.
45 c.6249C>T - p-11e2083lle Het. . . . Allikmets R et al:.
46 c.6285T>C p.Asp2095Asp. .. Het . . . Briggs CE et al. .
49  c6764G>T pSer2255lle  Het Allikmets R et al

The translational start codon ATG/methionine is numbered as + 1. One novel disease-dssoci-
ated mutation [c.839T>C (p. MetZSOThr)] was found. References of prevxously reported po]y—
morphisms are indicated. .

Het, heterozygote; Hom, homozygote;

also consider-a modlﬁer gene effect in
our patient. )

Although the relatlonshlp between
the new mutation of the ABCA4 gene-
and the well-preserved foveal structure
is “unresolved, " the unique: phenotype -
and genotype of ‘our patient‘may give -
additional information ‘on the mecha-
nism of photoreceptor degenera.tlon 1n~‘
eyes thh STGD G
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Analysis of LOXLI gene varlants in Japanese patients with branch

retinal vein occlusion

Katsunori Hara,! Masakazu Akahori, Masaki Tanito,' Sachiko Kaidzu,! Akihiro Ohira,' Takeshi Iwata?

(The first two authors contributed equally to this work).

! Department of Ophthalmology, Shimane Umverszty Faculty of Medicine, Izumo, Shimane, Japan 2National Institute of .Sensory
Organs, National Hospital Or, gamzatzon Tokyo Medical Center, Tokyo, Japan ‘

Purpose: Prekus studies have described a p0551blc assocmtwn between extohatxon syndrome (EX) dnd various oculdr .
and systemic vascular dlsorders howevcr the association between EX dnd brdnch retmdl vein occlusion (BRVO) remains
unclear. Becausc sllt—ldmp exammdtlon may ovcrlook latent deposits of extohdtlon mdtcndls an OLllldl’ bmpsy is usudlly
needed for a prec:sc dldgnosxs ‘We cvaludted a p0551ble association between EX and BRVO using lysyl oxidase-like 1
(LOXLT) gene variants as alternative markers for EX.

Methods: Allelic and genotypic frequencies: of three LOXLI variants (rs1048661, 153825942, and r52165241) were
determined for 78 consecutive Japanese patients with BRVO (11 patients with exfoliation syndrome [EX+], 67 patients
without exfoliation syndrome [EX-]), and 158 patients with cataract without EX (CT) as controls. . . .
Results: The 151048661 variant differed between the BRVO and CT groups in allelic and genotypic frequenues (p—-O 01 37
and p=0.0203, respectively). Subgroup analysis, compared to the CT group, ghowed that BRVO EX+ had mgmﬁmnﬂy

difterent allelic and genotypic frequencies of 151048661 (p=0. 00011 and p=0.000189, respccnvely) while BRVO EX- o

did not (p=0.175 and p=0.288, respectlvely) The irequcnues of rs3825942 and r82165241 did not dlﬁer betwecn thc ‘
BRVO and CT groups. .
~ Conclusions: No association was found between BRVO and EX if LOXL] variants were used as discase markers for
clinically undetectable EX. The results suggested that LOXLI variants, well estdbhshcd markers for EX, are not hkely

genetic markers for BRVO in Japanese subjects.

Retinal vein occlusions (RVOs), including central reﬁnal
vein occlusion (CRVO), an occlusion at the central trunk of
the 1ctmal vein, and branch retinal Vem occlusion (BRVO)
an’ occluswn at dn arteriovenous crossmg where the retinal
artery and vein are bound by a common adventitial sheath, are
importdnt causes of ocular morbidity [1 2]. Although CRVO
and BRVO have several risk factors in common; m(,ludmg
systemic ‘hypertension, “smoking,
elevated plasma homocysteine [1,2], they do not fully explain
the mvolvement of the centrdl tmnk or brdnch of the letmdl
vein circulation.

Exfoliation syndrome (EX), the most common
identifiable cause of open-angle glaucoma worldwide, is an
age-related, generalized disorder of the extracellular matrix
characterized by the production and progressive accumulation
of fibrillar extracellular material in many ocular tissues [3]. A
recent “genome-wide association study ' reported that one

intronic: single micleotide' polymorphism (SNP; 152165241)

and” two exonic SNPs (151048661 "[R141L], rs3825942

[G153D]) in the first exon of the lysyl oxidase-like 1

Coriespondence to: Masaki Tanito, Department of Ophthalmology,

Shimane - University Faculty of® Medicine, Enya 89-1, ‘Tzumo,
Shimane, 693-8501, Japan; : Phone: +81-853-20-2284; “FAX:
+81-853-20-2278; email: tanito-oph@umin.ac.jp

‘hyperlipidemia, and’

(LOXL1) gene on chromosome 15q24.1 are highly associated
with EX in Icelandic and Swedish populations, and that none
of ‘these ‘SNPs was associated “with: primary - open-angle
glaucoma in the two populations [4]. Several studies have
confirmed the association of these SNPs with EX in other
populations 5], including a Japanese population: [6-1 1]

“In addition to ocular tissues, produotlon and progressive
accumulation of éxfoliation materials occur in skin and
various visceral organs [3,12]. The association of EX with
various systenn(, vascular and neurodegenerative disorders
has been described in ischemic heart disease [13 14], carotid
stiffhess 151 cerebrovasculdr “disease’ [16] Alzheimer
dlsedse [17], and hearing loss 118]. Regardmg RVO, several
studies have described a possible dssocldtlon between CRVO
and EX diagnosed based on chart review [19], ‘slit-lamp
examination [20]; histopathologic studies in enucleated eyes
[21,22]; and ‘@ combination of slit-lamp: examination and
conjunctival biopsy-[23], while only afew studies have
evaluated the ‘association between BRVO: and - EX:[19,20]:
Recently, the role of the LOXLI polymorphism has been:
tested in several ocular [24] and systemic[25,26] pathologies
to explore the association between EX and these pathologies,
suggesting the usefulness of andlyzmg LOXL] vana.nts as a
disease marker for EX.
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TABLE 1. SUMMARY OF STUDY POPULATIONS.

BRVO

Total EX- EX+ CT p-value
No. of subjets .78 67 1 158 - .
Men/Women )
No. 32/46 29/38 38 45/113 0.0568*
% 41/59 33/67° 273 28720
Age (years)
MeanSD L 13.2496 72494 80.5+6.8 76.9+4.9 S.SIXIO‘ST .
Range 47-88 '47—87\ 69—88 70—90 o

*Fisher’s exact probability test between BRVO (total) and CT groups. TUnp.nred t-test between BRVO (total) dﬂd (,T groups.

In the eurrent study, we tested the assocutrorl between o

LOXLI variatits .md BRVO in a Jap" es
explore a possrble assocldtlon between“

r -METHODS. . . .
Subjects: Unrelated Japanese subjects with BRVO (n=78) -

were consecutively recruited “at the “Shimane ~University -

Hospital cmd Iman Hospltal in Shrmane Japdn The BRVO“ ‘

(EX+, n=1 1) or 2 dbsence (EX-, 7n=67) of ehmedlly detecrdble -

ocular deposits of exfoliation material. The data set from

patients with cataract without deposits. of exfoliation material .

(CT, n=158) reported in our previous study [L1] served.as a -
control. The demographic data including age and gender for
each group are summarized in Table 1.

Methods:. The current study. adhered. to the: tenets of the
Declaration. of Helsinki. The institational review bodrds of
both: hospitals . reviewed. and. - approved. the -research. - All
subjects. provided. written informed- consent. All subjects
underwent a - dilated “pupil - examination . of the anterior
segmeits,. ocular. media, and  fundus. using: a :slit-lamp
(RQSOOO, -Buchmann Deutschland, Diisseldorf, Germany)
and a funduscope (BS-III, Neitz Instruments; Tokyo, Japan).
BRVO was. diagnosed. if the fundus exammatlon revealed
venous dilation and tortuosity w1th ﬂdme-shaped and dot-blot
hemorthages ina; wedge-shdped region. Patients with CRVO.
and hemi-=CRVO were excluded. Deposxts oi exfohdtlon
mdterral were: 1dent1ﬁed 1f the sht—lamp examination revealed
a typical pattern of, exfolldtlon material on the anterior lens.
surface and/or puplllary margin.. o

DNA ‘genotyping:- Genomic. DNA: was- extraeted hom the
peripheral white blood ‘cells of each: subject. A polymerase:
chain resction: was: performed - using. primers: designed to -
amplify the genomic region containing both rs1048661: and
1r$3825942 (forward primer: 5-AGG TGT-ACA GCT TGC
TCA ACT C-3"and reverse primer: 5-TAG. TAC ACG AAA
CCCTGG TCG T-3") or'only 152165241 (forward primer: 5'-
AGA ATG CAA GAC CTC AGC ATG AG-3' and reverse-
primer: 5'-TAG TGG CCA GAG GTC TGC TAA G-3'). The
sequence was determined based on the dideoxy terminator

; p ]
25 (Apphed Bi ystems) to dndlyze the sequence dlrgnment
© -« :Statistical analysis:-Statistical analysis was: performed using

‘ 4”meth0d using an ABI PRISM 3130xl Genetrc Analyzer
' ‘(Applled Blosystems, Foster (,1ty, (,A) :

cordmg to the

Roversion 2.6.2. Fisher’s exact test was used to compare the

allele ‘orgen‘otype‘ ﬁeqﬁencies‘ 'ofe’ach group with the controls.

RESULTS

o The allehc and genotyprc oounts and frequenues of SNPs

151048661, rs3825942, and rs2165241 within LOXLI are

.shown in Table 2..Compared to the CT group; the T allele and
“TT genotype frequencies 0frs104866 1 were higher in patients

with BRVO (p=0.0137 -and p=0.0203; respectively). In
subgroup analysis, compared to the CT group, the group with
BRVO with exfoliation . material deposits (EX+)  had
sngmﬁca.ntly dlfferent dllelxe and genotyplo frequenueso
(p=0. 00011 and p=0. 000189, respectively), while the group
with BRVO thhout extolrdtlon material deposrts (EX-) had
no dlfferenee in, dllehc dnd genotyprc frequenues (p=0.175
and p=0. 288 respe(,nvely) (,ompdred to the CT group, the
frequenues of the G allele of r53825942 and the C allele of
rs2 165241 were hlgher in the BRVO EX+ groups. w1th
borderline - . significance  (p=0.0933 and p=0. 0908
respectlvely) but the allelic and genotyple ﬁequen(:les dld not :
differ between any pairs of BRVO total or BRVO EX- dnd the_
CT group.

‘ DISCUSSION

To the best of our knowledge, this is the ﬁrst study to 1dentlfy_
a possible association between LOXLI. variants and BRVO.
The prevalence of clinical EX increases with age, especially
afterage 60 [3]. Accord:mgly, detection of exfoliation material
deposits by slit-lamp examination may overlook latent EX.
Indeed, previous studies have suggested that the prevalence
of exfoliation material deposits found on histopathologic
assessment. . of - ocular . specimens was - roughly. . double
compared . with . the - slit-lamp examination [27,28]. A
conjunctival biopsy- can detect preclinical EX that is: not
evident on slit-lamp examination [23]; however, because the
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152165241
‘Allele
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: *F/ish’er‘s: ex?ct«fprobaﬁility test.

TABLE 2. ALLELIC AND GENOTYPI

ENCIES OF SNPs R31048'66‘1'. k33825942. AND"R8215524I.’ oL

‘Total”

- EX-

~ BRVO

EX+

CT

p-value*

Count ~ Frequency

86

24

. 38

14

131
21

57

o 1350
i 19
-Genotype .
: 61
3
3

0566
0434

0.316

£0.500
"0.184

0.862

. 0.138

0750
10224
0026

o017
003

0792
g i0.1‘69'
0039

Co13

Count ~ Frequency ~ Count. Frequency

A

16- -

35

110
.20

47
16

13

=50

' 14

0515

0.485

0246
0538
10215

0846

0.154

0,723
0246

- 0.031

1  0.856

0.144

0758

0.197
0045

- 0.864
0.136

0.727

. 0273

0.955
0.045

0.909
0.091

1.000

1.000

© Count

140
176

25

43
255
61

101
53

27'7 ’

123
31

Frequency

'0.443
0.557-

0158
0570
0272

0.807
0.193

0.639
0.333
0.025

0877
0.123 -
0778

0.196
0025

Total *
versus

cr
©0.0137

0.0203

0.155

0.212

0765

BRVO -
EX-
versus
CT
0.175

0.288

0348

0.424

0.541

0.685

CEX+
versus
- CT °

U L10x107

1.89x10~

0.0933

0.209

0:0908
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biopsy is invasive, it cannot be used for all patients. The role

of the LOXLI polymorphism has been tested in several -
pathologies including wet and dry age-related macular-

degeneration and polypoidal choroidal vasculopathy in a
Japanese population [24], Alzheimer disease in a Swedish

population [25], and cardiovascular disease in a Hungarian_
population [26]. Fuse et al. found a significarit association’

between the rs1048661 polymorphism and wet age-related
macular degeneration in a Japanese population [24]. These
studies encouraged us to use the LOXL1 polymorphism as an
alternative marker of clinically undetectable EX other than
invasive biopsy/histopathology. k ‘

Among the three SNPs reported [4], rs1048661 has been
consistently suggested as the most significant indicator of EX/

glaucoma in Icelandic, Swedish, and Japanese populations
[6-11]. Accordingly, our results of a significant difference in-.

allelic and genotypic frequencies of rs1048661 between all
subjects with BRVO and CT or BRVO EX+ and CT groups
confirmed previous observations of the strong role of this SNP

in EX. The results also suggested that using this SNP, we can

detect a case—control association for EX even with such a
small number of subjects (n=11) in a case group. In the same
context, the other two SNPs, which showed only a borderline.

difference between BRVO EX+ and CT groups, may not have:
enough discriminatory power with this small number of

subjects.
Since both the BRVO EX- and CT groups, which were
classified based on slit-lamp examination as not having EX,

were identical except for the presence or absence of BRVO, -

comparison between these two groups should provide the
most reliable information about the possible role of the
LOXL] variants in BRVO. As a result, the significant
difference observed in rs1048661 between the case and
control groups was canceled in the analyses between the

BRVO EX- and CT groups, suggesting that the percentage of

the population at risk of EX is not significantly higher in the
BRVO group. A retrospective chart review reported
exfoliation material deposits in 6.0% of eyes with BRVO and.
6.9% of eyes with CRVO [19], suggesting a lesser extent of
BRVO than CRVO in these subjects, since the BRVO/CRVO
ratio was 3.2 in the general population [29]. By clinical
observation of consecutive cases, the prevalence rates of EX

were 8.2% in eyes with BRVO and 20.8% in eyes with CRVO
compared with 5.2% in control €yes; thus the authors

concluded that EX is likely a risk factor for CRVO [20]. A
retrospective chart review showed that RVO occurs more
frequently in eyes more atfééted by EX, and that the most
frequent type of RVO that occurred in EX was CRVO (50%)
followed by about half that prevalence of BRVO (28%) [23].
In this study, the prevalence rate of EX was 14% in eyes with
BRVO from consecutive cases, which may be higher than the

rate of EX in BRVO cases and normal control subjects in
previous reports [19,20]. Differences in the race or age of

subjects may explain the discrepancy, but this needs to be

- ©2011 Molecular Vision

~ clarified. Taken together with previous studies, our results

suggest that there is no direct role of LOXLI variants or EX
in the development of BRVO in our Japanese subjects.

In summary, we tested the possible association of
LOXLI variants with BRVO. We did not find an association
between BRVO and EX if the LOXLI variants were used as
disease markers for clinically undetectable EX.
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CLINICAL CHARACTERISTICS OF OCCULT
MACULAR DYSTROPHY IN FAMILY WITH
MUTATION OF RPIL1 GENE

KAZUSHIGE TSUNODA, MD, PuD,* TOMOAKI USUIL MD, PuD, i} TETSUHISA HATASE, MD, PHD TJ
SATOSHI'YAMAIL MD,§ KAORU FUHNAMI, MD,* GEN' HANAZONO MD, PuD,*

KEI SHINODA, MD, PuD,*{ HISAO OHDE, MD, PuD,** MASAKAZU AKAHORI PuD,*

TAKESHI IWATA, PuD,* YOZO MIYAKE, MD, PaD*{T

Purpose: To report the clinical characteristics of occult macular dystrophy (OMD) in
members, of ‘one family with a mutation of the RPTLT gene. ‘
Methods: Fourteen members with a p.Arg45Trp mutation in the RPILT gene were
“examined. The v:sual acuity, visual fields, fundus photographs, fluorescein angiograms, full-field
- electroretinograms, multifocal electroretinograms, and optical coherence tomographic images
‘were examined. The clinical symptoms and signs and course of the disease were documented.
Results: All the members: with the RPTL71 mutation except one woman had ocular
symptoms and signs of OMD. The fundus.was normal in all the patients during the entire
follow-up penod except in one patient with diabetic retinopathy. Optical coherence tomog-
raphy. detected the early morphologic abnormalities both in the photoreceptor inner/outer
segment line and cone outer segment tip line. However, the multifocal electroretinograms
were more rehable in detecting minimal ‘macular dysfunction at an early stage of OMD.
; Conclusion: The abnormalities m the multifocal eiectroretmograms and optical
coherence tomography observed in the OMD patients of different durations strongly

support the contribution of RP1L7 mutation to the presence of this disease.
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ccult macular  dystrophy - (OMD) - was  first

described by Miyake et al' to be a hereditary mac-
ular. dystrophy without visible fundus - abnormalities.
Patients with OMD -are characterized by a progressive
decrease of visual acuity with normal-appearing fundus
and normal fluorescein angiograms (FA). The important
signs of OMD are normal full-field electroretinograms
(ERGs) but abnormal focal macular ERGs and mul-
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tifocal - electroretinograms (mfERGs) also exist. These
findings indicated that the retinal dysfunction was con-
fined to the macula.'™ Optical coherence tomography
(OCT) showed structural changes in the outer nuclear
and photoreceptor layers.>™* :
Recently, we found that- dominant mutations in the
RPILI gene were responsible for OMD.'? The RPILI
gene was originally cloned as a gene- derived: from
common ancestors as a retinitis pigmentosa 1:(RPI)
gene, which is responsible for 5—10% - of autosomal
dominant retinitis pigmentosa worldwide, on the same
Chromosome 8.'*™'7 A number of attempts have been
made to identify mutations in RPILI in various retini-
tis pigmentosa patients with no success. An immuno-
histochemical study on cynomolgus monkeys showed
that RP1L1 was expressed in rod and cone-photorecep-
tors,-and RP1L1 is thought to:play 1mp0mmt roles in
the morphogenesis. of the photorcceptorb. 8 Hetero-
zygous: RPILI knockout mice were reponed ‘to be
normal, whereas homozygous knockout mice develop
subtle retinal degcm:rau;ion.lg However, the RP1L1
protein has a very low degree of overall sequence
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identity (39%) between humans and mice compared -
with the average values of - sequence. similarity ob- -
served between humans and mice proteins. The results -
of lmkage studies have strongly supported the contri-
bution of RPILI mutations to the presence of this

disease,? but the function of RPILI in the humdn
retina has not been completely determined.
A large number of cases of OMD have been

reportcd7’l°’w; however, we did not always find the -

same mutations in sporadic cases or in small families;

which had less than three affected members. This led - k
us to hypothesize that several independent mutations

can lead to the phenotype of OMD, that is, OMD is not

a single disease caused by a specific gene mutation,
but may represent different diseases with smnldr reti-

nal dysfunctions..

Thus, the aim of this study was to determme the‘;’ !
-~ are shown in Figure 1. The numbered family members
»had the same mutation in RPILI (p:Argd5Trp), and

characteristics of OMD by investigating the pheno-

types of patients with the RP1LI mutation trom a sin-

gle Japanese fdmlly

‘Pati‘eilt's andﬂMéthod‘s o

We investigated 19 members from a single J apdncse o

family. A h()mozygous mutal:lon pArg45Trp in. thebi 5
~ examinations of all the 14 fdﬂll].y members with the

RPILI gene, was confirmed in 14 members,"* and 13
of the 14 were diagnosed with OMD. Among the 14
members with a rutation in the RPILI gene, 11 were
folowed-up at the Niigata University in Niigata,
Japan. The other three were examined at the National
Institute of Sensory Organs in Tokyo, Japan. Each
member had -a complete ophthalmic - examination
including best-corrected visual acuity (BCVA), refrac-
tion; perimetry, fundus- photography, FA, full-field

ERGs,”° mfERGs,? and OCT. The visual fields were
determined by Goldmann perimetry or-by-Humphrey

Visual Field Analyzer (Model 750i; Carl Zeiss Meditec,

Inc, Dublin, CA). The SITA Standard strategy was used

with: the 30-2 program or the 10-2 program i01 the
Humphrey Visual Field: Analyzer.

Electroretinograms were used: to assess the retinal.

function under both scotopic and photopic conditions.??

Full-field ERGs were recorded using the International
Society ‘of Clinical Electrophysiology and Vision stan-

dard protocol. Multifactorial electroretinograms: were
recorded with: the ‘Visual Evoked Response. Imaging
System (VERIS science 4.1; EDI, San Mateo, CA). A

Burian—Allen bipolar contact lens electrode was used to:
record: the mfERGs. The visual stimuli consisted of
61 or 103 hexagonal elements with an overall subtense.

of approximately 60°. The luminance of each hexa-
gon ‘was independently modulated between black
(3.5 ¢d/m?) and white (138.0 ¢d/m?) according to

in the same pedlgree

‘a binary m-sequence at 75 Hz. The sxmound hum— :

nance was 70.8 cd/m?. ,
The OCT images were . obtdmed thh a. specndl-

doma in OCT (HD-OCT; Carl Zeiss Meditec or a 3D-

OCT-1000, Mark 1I; Topcon) from 21 eyes of 12 cases‘

The procedures used Adhercd to the tenetb of the
Declaration of Helsinki and were approved by the

~Medical Ethics Committee of both the Niigata Uni=:

versity and National Institute of Sensory Organs: An-
informed consent was received from all the subjects.

- for the tests.

The findings of 5 generations of 1 family with OMD

family members designated with the filled squares or

filled “circles were phenotypically: diagnosed with

OMD 'by routine examinations including visual field

 tests, FA, mfERGs, and Fourier-domain OCT. Only

Patient 5 (dge 60 years) had normdl phenotype,
although she hdd the RPILI mutation.
The clinical characteristics and the results of ocular

RPILI mutation (p: Arg4’iTrp) are listed in Tables 1
and 2. Family Member #5 was diagnosed as normal
because she had normal mfERGs.

Among the 13 OMD patients (average age at the
final examination, 57.2 = 22.1 years), 12 complained
of disturbances of central vision and'4 complained of
photophobia (Table 1). Patient 1 did not report any
visual disturbances in the right eye as did: Patient 6
for both eyes. The visual dysfunction in these eyes was.
confirmed by mfERGs. For 13 patients, the age at the
onset of visual difficulties varied from 6 ‘years to 50.
years with a mean of 27.3 +15.1 years.

All the patients were affected in both eyes, dnd the
onset was the same in the 2 eyes except for Patients 1,
11, 12; and 14. Patient 1 first noticed a decrease in her
visual acuity in her left eye at age 50 years, and 5116‘
still did not have any subjective visual disturbances in-
her nght eye 30 years later. However, a clear decrease
in the mfERGs in the macular area was detected in
both eyes. Patient 11 ﬁrst noticed a decrease in the_
visual acuity in her right eye at age 47 years: ‘when the
BCVA was 0.2 in the right eye and'1.2 in the left eye
(Figure 2). Seven years later at age 54 years, she no-
ticed a decrease in the vision in her left eye. Similarly,
Patients 12 and 14 did not report any visual disturban-_
ces in their right eyes until 2 (Patient 12) or 8 (Patient
14) years after the onset in their left eyes. D

Copyright ® by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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B @ OMD, phenoptypically confirmed

4% " Normal, phenotypically confirmed

Vision abnormality possibly due to OMD, not examined

% ) No vision abnormality, not examined
¥ vision abnormality due to other disease
A %  Deceased
= n RP1L1 mutation {+)

—T T

i T

1 ey ,?‘T“‘ 'S ﬁ}
!

H
P
I e

\Y

Fig. 1. Pedigree of a faruly with-OMD. The identification number of the patients is mar ked beside the symbols. The proband is indicated by an anow.
The open squares and circles with crosses are the relatives whose visual functon was confirmed to be normal by routine examnations including
Humphrey visual field tests, mfERGs, and Fourier-domain OCT. Those designated by hatched squares or circles were reponed 1o have poor vision with
simmlar severity and onset as the other genetically confirmed OMD patients. One 1elative marked by an asterisk had umldtcml opilc atrophy because of

retrobulbar neutitis.

The duration of the continuous decrease in the
BCVA varied from 10 years to 30 years (mean, 15.6
+ 7.7 years) in 16-eyes of 9 adult patients. After this
period, these patients reported that their vision did not
decrease. Patients 2, 3, 8, and 14 complained of pho-
tophobia, and the degree of photophobia remained un-
changed after the visual acuity stopped decreasing.
Patients 1, 2, 4, 7. and 9 had additional disturbances
of vision because of senile cataracts, and Patients 2 and
4 had bilateral cataract surgery. The visual disturbances
because of the OMD were still progressing at the last
examination in the left eye of Patient 11 (age 57 years),
and both eyes of Patient 12 (age 20 years), Patient 13
(age 18 years), And Patient 14 (age 28 years).

Different systemlc disorders were found in some of
the patients; however, there did not seem to be a specific
disorder, which was common t0 all of them (Table 1).

In the 16 eyes of 9 patients whose BCVA had

stopped decreasing, the BCVA varied from 0. 07t00.5
(Table 2). The BCVA of the lett eye of Patient 6 was ‘
0.07 because of an untreated senile cataract. If this eye -
is excluded, the final BCVAs of all the stationary eyes
range from 0.1 to 0.5. Patient 2 had photophobm and -

her BCVA measured by manually presenting Landolt

rings on separate cards under room light was 0.4 in the -
right eye and 0.5 in the left eye, which 'was better than

that measured by a Landolt chart of 0.3 in the right eye

and 0.3 in the left eye with background illumination. -
For the 13 patients whose original refractions were
confirmed, 11 of 26 eyes were essentially emmetropic

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

(<= 0.5 diopters). Both eyes of Patients 1, 3, 4, 6, and
8 and the left eye of Patient 5 were hyperopic (+0.675
to +4.625 diopters). The right eye of Patient 7, the left
eye of Patient 12, and both eyes of Patient 13 were
moderately myopic (=0.625 to =2.75 diopters). These
results indicate that there is no specific refraction
associated with OMD patients in this family.

The visual fields were determined by Goldmann
perimetry or Humphxey Visual Field Analyzer. All the
patients had a relative central scotoma in both eyes except
for Patient 1 whose nght eye was normal by Goldmann
perimetry. In all cases, no other visual field abnormalities
were detected during the entire course of the disease. In
the patients examined shortly after the onset, a relative
central scotoma was not detected by Goldman perimetry
and was confirmed by static perimetry.

The fundus of all except one eye was normal. The

; «—1eft eye of Patlent 9 had background diabetic retinop-
~ athy. At the first consultation at age 46 years, Patient 9
- did not have diabetes, and the funduscopic examina-
‘;twn and FA revealed no macular abnormalities. At the
‘age | 66 -years, there were 1ew microaneurysms in the

left mac,uld away from the fovea; however, OCT did

1ot show any diabetic chdnges such as macular edema.
~‘TheOMD was still the main cause of visual acuity
teduction in this patient.

Six patients consented to FA, and no abnormality
was detected in the entire posterior pole of the eye. It is
noteworthy that both the fundus and FA of Patient 4
were normal at the age 73 years, which was >50 years
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Table 1. Clinical Charactenstlcs of the Famlly Members Wl'th RP1L1 Mutatlon (. Arg45Trp)

Decreased visual acuity Btlateralﬂ 18

~and photophobia

10

. Duration of Duratlon S
B Ch|ef Affect‘ed' g ;Age at Continuous Decrease After.the f Systemic
"~ Case Age and Gender ~Complaint - Eye = Onset(Years)  in BCVA (Years), - Onset (Years): . - “Disorders
1 81, F Decreased visual acuity Bilateral* -~ 50 ' 20 © 31 . “Hypertension - :
2 71, F Decreased visual acuity Bilateral 25 25 46 = *Dlabetes melhtus smce 64 years ‘of: age g
‘and photophobia Ce C o ;
3 74, M Decreased visual acuity Bilateral = 30 A0 44 ,:Hyperhpldemla anglna pectorls
-and photophobia P o ' .
4 83, M Decreased VISuaI acuity Bilateral - 20 0. - 63 Hypertensmn Mul’uple cerebral
) ! - mfarctnon at 73 years of age
5 60, F None —~t - - o - ,
6 50, F None .. ¢ Bilateral* .~ Unknown Unknown Unknown =
7 69, F Decreased visual acuity Bilateral =~ 50 = 10 - 19 - CeoE ‘ ’
8 69, M Decreased visual acuity Bilateral = . 28 10 3| Hypertensxon smce 67 years of age Surgery
‘and photophobia G for ossification
o of the posterior.longitudinal.
i o © ¢ ligament at 45 years of age
9 66, M Decreased visual acuity Bilateral = 30 15° 36 Dlabe’tes mellitus since:63 years of age
10 58, F Decreased visual acunty Bilateral - =~ 10 30 48 ‘Rheumatoid arthritis since: 46 years
i : C of age, Bronchiectasis since
Lo o E LT .~ . A3yearsofage c
11 57, F 'Decreased visual aculty Bilateral 1 - 47~ OD, 10 O8S, still progressing' <10 -
12 20, M Decreased visual: ‘acuity Bilateral§ - 14 Sl progressing ) Atopnc dermatms
13 18, F Decreased visual acuity Bilateral 1 © B Stilt progressmg 12 — o
14 28, M ! S_txll progressmg —

*Patient 1 has subjectwe visual d|sturbanoe onl
mfERG.

1This woman has a mutatlon in RP1L1, but her wsual functlon Was confirmed normal

$This patient noticed visual dlsturbance only i

§This patient noticed visual disturbance onl

IThis patient noticed visual dfsturbance only i

y in the feft eye and Patient 6 does not have any subjectlve v:sual dlsturbances in both eyes. The wsual dysfunctnon was confnrmed by

after routine exammatlons including meRG )

in the right eye at 47 years of age: The visual disturbance in the left:eye was first noticed at 54 years of age
y in the left eye at 14 years of age. The visual disturbance in the ngh’t eye was first noticed at 16 years of age
n theleft'eye at: 18 years of age. The vnsual d|sturbance in OD was- ﬂrst notnced at 26 years of age
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Table 2. Results of Ocular Examinations of the Family Members With RP1L1 Mutation

Relativev
Amplitude in
mfERG at Fovea

Age e S Visual Fundus , Full-Field (Ring 1/Ring 5 or Other Ocular
‘anq [BCVAatFinalVisit  Refraction (D)  Field Appearance FA ERG Ring 6)F Disorders
Case Gender - 0D 0S:- ... OD (O]

1 81,F 12 01 +4.25 +4.625  Relative Normal, QU Normal, QU  NE 2.34, OD, 0.60, Senile
central . [ON] cataract, OU
scotoma,

08 R -

2 71, F 0.4 0.5 Unknownt Unknownt Relative Normal, QU NE coooNE Not:measurable, Cataract
central i ou surgery, OS
scotoma; at 58 years
[0]CRE of age, OD

o at 69 years
of age,
i s g Ptosis, OU

3 74, M 0.2 0.3 +2.875 +3.375  Relative Normal, QU “NE “NE Not measurable, Laser

' - , : ‘central 4 SR ouU o peripheral
scotoma, iridotomy,
ou: OUat73

SHE . R ! years of age

4 83, M 0.2 0.2 +1.0 +1.625 Relativer Normal, OU Normal, OU Normal ISCEV Not measurable, Cataract
central standard ou surgery, OU
scotoma, protocol ERG, at 80.years
Oou: OU e o ) of age

5 80, F 1.2 1.2 -0.25 +0.875 Normal; OU Normal, OU NE e NES 4:24, ODyNE; -~ —_

0s

6 50, F 1.2 1.2 +1.0 +1.0 Relative Normal;, QU NE NE 2.74, OD, 2.23, —
central k i S (ON]
scotoma,

7 69, F 0:.18 0.07§ -0.625 +0.25.° Relative: ~Normal, OU «NE Normal ISCEV Not measurable, Senile

o L ) o i central ) standard QU cataract,

, scotoma, ; protocol ERG, ou

: S A ou T ou S

8 69, M 0.1 0.1 +1.125 +0.675 Relative Normal, OU NE Normal ISCEV 1.01, 0D, 1.30, ~ —_
central standard oS
scotoma, protocol ERG, R
ou ou

"panqIyoid S1 SjOILe SIL SO UoIONPO.del PeZLoYINBUN "oul ‘A18100g SUORBOIUMLILLOD SIUELILA0 Ag

TV 1A VAONASL « AHJOYISAA VIOV 110020 -+
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Table 2. (Continued)
Relative
Amplitude in
) ) o o P o o . mfERG at Fovea
“Age  nmy v Bt (A * Visual " “Fundus : O FullField {Ring1/Ring’5 or Other Ocular
ar?d BCVA at Final Visit Refraction (D) - Field Appearance FA - ERG Ring 6)t Disorders
Case Gender OD 0s oD oS BT o
9 66, M 0.2 0.3 ¢ +0.125 +0.125 Relative Normal, OD . Normal, Normal mixed 1.21,0D1.59,. Senile
central Background ou rod-cone oS cataract,
scotoma, diabetic responses, Qu
QU retinopathy with Oou :
e microaneurysm,
‘ (O]
10 58, F 04 0.1 +0:5 +0.375 Relative . Normal, QU NE Normal .cone Not measurable, —_
central responses, OU  OU
'scotoma, Gt .
11 57,F 04 0.4 +0.5 0.0 Relative ‘Normal, -OU Normal, - Normal ISCEV ‘Not measurable, —_
central ouU standard ou :
scotoma, protocol ERG, 3
OuU. ou 5w
12 20, M 0.3 0.3 -0.375 ~0.75 Relative Normal, QU Normal, Normal ISCEV 0.98, OD'I .03, o
= ” o e o ~=central S . ou standard 08
scotoma, protocol ERG,
ou OouU i
13 18, F 0.2 0.18 ~-1.6259] -2.759 Relative Normal, OU Narmal, Normal ISCEV Not measurable, —
central ouU standard ou i
‘scotoma, protocol ERG, e
OUi: ouU e
14 28, M 1.0 086 =026 - . -025 . Relative Normal, QU NE Normal ISCEV 1.63,.0D, 0.686, =
i . central standard (O8]
'scotoma, protocol ERG,
QU ouU

D, diopter; ISCEV, International Society of Clinical Electrophysrology and Vision; NE, not ‘examined.

~"Spherical equivalents at the;initial visit.

1The responses of Ring-1 were- extmgunshéd and the N1-P1 amplitudes were not measurable in Cases 2, 3, 4, 7, 10, 11, and 13.
{This patient had already undergone cataract surgeties for both eyes at the initial visit, and no data could be obtained about the original refract»on

§This patient’s visual acuity was reduced also by senile cataract.

fThe refraction of this patient was measured after instillation of cycloplegics.
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Fig. 2. R(.bults of oculm' examination of Pdumt 11 The data in (A) to (E) were collected 3 years ai(u the (msu of the vmml distatbance at age 50 years. At
this time, the patient had ot noticed a decrease in the visual acuity in her left eye. The BCVA was 0.1 in the right eye and 1.2 in the right eye. A, and B.
Fundus photographs and FAs showing no abnormal findings. C. Static visual field test (Humphrey Visual Field Analyzer, 10-2) showing relative cental
scotomna m both eyes. D. Fullfield rod, mixed rod—cone, cone ERGs, and 30-Hz flicker responses. All the responses ave nonnal in both eyes. E. Trace artays
of mﬂERGs lested wnh I(H hexaucndl snnmh shown wnhout spdlm.l averaging. The responses of the central locus are c.xtmgmshed in b()th cyus

after the onset: This patient first noticed Visual distur-
bances at age 20 years and was diagnosed with OMD
at.age 73 years. The appearance of the macula and
optic disk at age 83 years was still normal >60 years
after the onset of the symptoms.

Rod, mixed rod—cone, and cone- full-field ERGs
were recorded from 7 patients using the International
Society. of Clinical Electrophysiology and Vision stan-
dard protocol, and all of them showed normal rod-and
cone responses as in the representative case shown in

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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¢ . gk .
5 in cases of 61 sumull dl’ld ng 6 in cases of 103

stimuli) in 13 OMD patients and 1 normal family mem—
ber (Case 5) with the RPILI mutation (Tdble 2).4
Among the 26 eyes of the 13 OMD patients, the N1-
P1 amplitudes of the central locus were measurable in
12 eyes in 6 cases tested with the 61 stimuli. The ratio
of the amplitudes of ng I/Ring 5 in these OMD
patients ranged:from 0.60 to 2.74 (average of normals:
4.34 = 0.67, n = 20). In 6 eyes tested with 61 stimuli
and all the 8 eyes tested with 103 stimuli, the responses
in the central locus were extinguished and the ampli-
tudes were not measurable (see examples in Figure
2E). The ratio of the amplitudes of Ring 1/Ring 5 in
a normal family member (Case 5, right eye) was 4.24,
which was within the normal range.

The tesults of routine ocular examinations in Pdtlent
11 at the age 50 years, when she did not have any visual
disturbances in her left'eye, are shown in Figure 2. The
BCVA was 0.1 in the right eye and 1.2 in the left eye.
The fundus and FA were normal in both eyes. Hum-
phrey visnal field tests (SITA Standard and pattern
deviation 10-2) showed a relative central scotoma in
both eyes. The full- field rod, mixed rod—cone, cone,
and 30-Hz flicker ERGs were normal in both eyes.
The miERGs were reduced in and around the region
of the central scotoma in both eyes. The Humphrey
visual field test (30-2) did not detect a central scotoma
in either eye (data not shown). The findings in the left
eye of this patient are typical of the early stage of the
OMD, where the dysfunction of the foveal region could
be clearly detected in the m{ERGs even though the
subjective visual disturbance was almost undetectable.

Spectral-domiain OCT images were recorded from 11
family .members with' the RPILI mutation. The outer

retinal structure was considered to be normal when the
external lumtmg ‘membrane, photoreceptor immer/outer -
segment (IS/OS) line, cone outer segment tip (COST)
line, and retinal plgment epithelium (RPE) were cleatly o

detected in the OCT images (Figure 3A).%

The OCT images of 5 representative OMD patients
are ‘aligned in the order of years after the onset in
Figure 3B. The right eye of Case 1, which had elec-
trophysiologically confirmed macular dysfunction but
did not have subjective visual disturbances, showed
a normal IS/0S line and COST line but only at the

normal vmual functmn dll the outer retmal structures

were seen to be normal (Figure 3B, @). Similar find-_
ings were observed in the left eye of Case 1 and the
right eye of Case 8 (Figure 3B, ® and @).

In the right eye of Case 4, which was examined
63 years after the onset, the IS/OS line was disrupted at
the fovea. The COST line could not be observed in the
macula but was still visible in the perimacular region. The
external limiting membrane and RPE could be observed
to be nermal over the entire region (Figure 3B, ®).

The OCT images of 2 sporadic cases of OMD
without the RPILI mutation are shown in Figure 3C.
Both patients had a progressive central scotoma with-
normal-appearing fundus and normal FA. The full-
field ERGs were normal but the focal macular ERGs
elicited with a 10° spot were not recordable. Their
OCT images, however, were not similar to-those in
patients with RPILI mutation; the IS/OS line could
be clearly observed at the fovea (Figure 3C, Mand
@), and the COST line could also be observed at
the fovea, although it was slightly more blurred than
in the normal cases. There was a minute disruption of
the IS/OS line at the foveola in 1 case (asterisk in
Figure 3C, @).

The OCT findings in 21 eyes of 11 cases with the
RPILI mutation are summarized in Table 3. The ex~:
amined eyes are listed in the order of years after the
onset. Case 5, who was dmgnosed as not having the
typical characteristics of OMD, had completely normal
retinal structures. In the case of OMD without subjec-
tive visual disturbances, the COST line and IS/OS line
were normally observed only at the very center of the
fovea (Case 1, right eye, Figure 3B, @). In other
affected cases, the COST line was not present and
the IS/OS line appeared blurred in the entire fovea
(Cases 14, right eye to 8). In patients with longer

. duration OMD,; the IS/OS line was dlsrupied or. not,
- present as in Cases 2 and 4. o

The retinal thickness at the foveola was measured as'
the distance from the internal limiting membrane to the
inner border of the'RPE. Considering the variation in
the thickness in normals, we classified that the retina at’
the foveola: was abnormally thin when the thickness:
was <160 um. All the affected eyes with: disease
duration =12 years had normal foveal thickness (right:
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